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Resumo
As propriedades de sistemas envolvendo gases nobres teˆm auxiliado muito no
desenvolvimento de te´cnicas de modelagem e de valores padra˜o para estudos experimen-
tais. Sistemas diatoˆmicas formados por gases nobres, no estado fundamental, representam
proto´tipos ideais de complexos do tipo van der Waals, e suas propriedades espectrosco´picas
e termodinaˆmicas teˆm sido extensivamente estudadas tanto teo´rica como experimental-
mente. Neste trabalho, determinamos as energias eletroˆnicas no estado fundamental consi-
derando um conjunto amplo de configurac¸o˜es nucleares para todos os sistemas diatoˆmicos
poss´ıveis envolvendo os a´tomos de He, Ne, Ar, Kr, Xe e Rn. Estas energias foram obti-
das utilizando o me´todo coupled cluster e os conjuntos de func¸o˜es de base aug-cc-pVTZ,
aug-cc-pVQZ e aug-cc-pV5Z. Em seguida, estas energias foram ajustadas para a forma
anal´ıtica denominada Improved Lennard Jones (ILJ) com o objetivo de obter o valor es-
pec´ıfico β para cada sistema molecular estudado, pois experimentalmente, ele e´ estimado
para ser β=9 para todo complexo envolvendo ga´s nobre. A determinac¸a˜o acurada deste
paraˆmetro e´ importante pois ele leva em considerac¸a˜o a dureza/maciez dos a´tomos envol-
vidos no complexo. Observou-se nos ajustes realizados que o paraˆmetro β se aproxima
mais do valor experimental quando o conjunto de base aug-cc-pV5Z e´ usado. A qualidade
da forma anal´ıtica ILJ (usando o paraˆmetro β ajustado para cada complexo) foi testada
com o ca´lculo das propriedades espectrosco´picas rovibracionais. Verificou-se a partir des-
tes ca´lculos que as constantes espectrosco´picas determinadas via ILJ (com o β ajustado)
concordam mais com os dados experimentais que outros resultados dispon´ıveis na litera-
tura. Este fato sugere que a forma anal´ıtica ILJ torna-se mais acurada para descrever
complexos de van der Waals quando o paraˆmetro β ajustado e´ usado.
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Abstract
The properties of systems involving noble gases have greatly aided the deve-
lopment of modeling techniques and the obtention of standard values for experimental
studies. Diatomic systems formed by noble gases in the ground state represent ideal
prototypes of van der Waals complexes, and their spectrocopic and thermodynamic pro-
perties have been extensively studied both theoretically and experimentally. In this work,
we determine the electronic energies in the ground state, considering a broad set of nuclear
configurations for all possible diatomic systems involving the atoms of He, Ne, Ar, Kr,
Xe and Rn. These energies were obtained using the coupled cluster method with aug-cc-
pVTZ, aug-cc-pVQZ and aug-cc-pV5Z basis sets. These energies were then adjusted to
the analytical form called Improved Lennard Jones (ILJ) in order to obtain the specific
value of the beta parameter for each molecular system studied, since it is experimentally
estimated to be the same (β =9) for any complex involving noble gas. The accurate
determination of this parameter is important because it takes into account the hard-
ness/softness of the atoms involved in the molecule. It was observed in the fittings made
that the parameter approaches more the experimental value when the aug − cc − pV 5Z
base set is used. The quality of the analytical form ILJ (using the adjusted parame-
ter for each molecule) was tested with the calculation of the rovibrational spectroscopic
properties. It has been found from these calculations that the spectroscopic constants de-
termined via ILJ (with fittid β) agree more with the experimental data than other results
available in the literature. This fact suggests that the ILJ analytical form becomes more
accurate to describe van der Waals complexes when the adjusted β parameter is used
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91 Introduc¸a˜o
As propriedades de sistemas atoˆmicos e moleculares envolvendo gases nobres
sa˜o de grande interesse tanto para o desenvolvimento de te´cnicas de modelagem como
para valores padra˜o para estudos experimentais. As moleculas diatoˆmicas envolvendo
gases nobres em seus estados eletroˆnicos fundamentais representam proto´tipos ideais de
mole´culas do tipo van der Waals. Suas propriedades espectrosco´picas e termodinaˆmicas
teˆm sido estudadas de forma extensiva, tanto teo´rico [1–13] como experimentalmente
[14–22].
As propriedades espectrosco´picas fornecem informac¸o˜es da geometria e dinaˆmica
de sistemas moleculares. Isso mostra a grande importaˆncia do estudo espectrosco´pico no
campo teo´rico e experimental para diversos ramos da cieˆncia como biof´ısica, bioqu´ımica
e astrof´ısica [23]. Sa˜o essas observac¸o˜es que levam a` construc¸a˜o de modelos que pro-
porcionam a compreensa˜o, bem como a predic¸a˜o das propriedades do sistema atoˆmico
ou molecular de interesse que usualmente esta˜o associados a conceitos e princ´ıpios da
mecaˆnica quaˆntica. Dessa forma, esses aspectos importantes motivam o estudo detalhado
destas propriedades em sistemas envolvendo gases nobres.
O conhecimento das interac¸o˜es intermoleculares fracas, geralmente determi-
nadas pelos paraˆmetros de um potencial intermolecular, e´ uma informac¸a˜o necessa´ria
para muitos ca´lculos de modelagem em sistemas complexos tais como plasmas, lasers,
mole´culas de interesse biolo´gico, atmosfe´rico e qu´ımico [24]. Dessa maneira, a caracte-
rizac¸a˜o detalhada desses potenciais e o desenvolvimento de func¸o˜es anal´ıticas adequadas
sa˜o imprescind´ıveis para a descric¸a˜o das propriedades macrosco´picas e microsco´picas da
mate´ria.
Dados espectrosco´picos de alta resoluc¸a˜o em sistemas diatoˆmicos de gases no-
bres levaram a` determinac¸a˜o de energias de ionizac¸a˜o e dissociac¸a˜o, distaˆncias internu-
cleares de equil´ıbrio, entre outros paraˆmetros a partir dos quais suas func¸o˜es de energia
potencial podem ser calculadas [25–28]. As principais fontes de dados sobre os sistemas
diatoˆmicos heteronucleares de gases raros sa˜o medic¸o˜es por espectroscopia de microon-
das [14,29,30], medidas das sec¸o˜es transversais de dispersa˜o ela´stica [31] e medidas dos co-
eficientes viriais [32]. As func¸o˜es de energia potencial tambe´m foram determinadas usando
me´todos qu´ımicos quaˆnticos ab initio [27,28,33], que proporcionaram previso˜es confia´veis
de suas propriedades espectrosco´picas. No entanto, o crescente nu´mero de ele´trons nos
sistemas de gases nobres mais pesados torna os ca´lculos ab initio mais dispendiosos sob o
ponto de vista computacional.
Em uma se´rie de artigos, va´rios pesquisadores [34–36] realizaram estudos sis-
tema´ticos da forc¸a de interac¸a˜o envolvida em sistemas van der Waals por meio de expe-
rimentos de dispersa˜o de feixe moleculares a partir de uma func¸a˜o de energia potencial
adequada denominada Improved Lennard Jones (ILJ) [37]. Essa forma anal´ıtica, introdu-
zida na literatura por Pirani e colaboradores [37], generaliza o modelo de Lennard Jones
(LJ) [38]. Ale´m da energia de dissociac¸a˜o e distaˆncia de equil´ıbrio, a func¸a˜o ILJ usa o
paraˆmetro β que esta´ relacionado a` dureza dos a´tomos que interagem no complexo. Al-
guns estudos teˆm demonstrado que o modelo ILJ consegue corrigir as deficieˆncias de curto
e longo alcance observados no modelo LJ. Com esses recursos foram constru´ıdas curvas de
energia potencial para va´rios sistemas moleculares, entre eles os sistemas homonucleares
e heteronucleares envolvendo gases nobres.
Esses estudos experimentais estimaram o paraˆmetro β igual a 9 para todas os
complexos estudados. No entanto, espera-se que a curva de energia potencial via modelo
ILJ de cada complexo possa ser melhor representada por um valor espec´ıfico do β, ou seja,
que cada complexo possua o seu valor caracter´ıstico para o paraˆmetro β. Dessa forma, um
dos objetivos do presente trabalho e´ a determinac¸a˜o do paraˆmetro β para cada complexo
estudado. Para tanto, foram determinadas as energias eletroˆnicas em n´ıvel CCSD(T) (do
ingleˆs coupled cluster com excitac¸o˜es simples, duplas e as triplas por pertubac¸a˜o) [39] e
com treˆs diferentes conjuntos de func¸o˜es de base publicadas por Dunning (aug − cc −
pV TZ, aug − cc − pV QZ e aug − cc − pV 5Z) [40] variando as distaˆncias internucleares
desde a regia˜o de forte interac¸a˜o (distaˆncias internucleares menores que a distaˆncia de
equil´ıbrio do sistema diatoˆmico) ate´ a regia˜o assinto´tica (distaˆncias internucleares grandes
comparadas a` distaˆncia de equil´ıbrio). Em seguida, o paraˆmetro β para cada complexo
foi obtido ajustando estas energias eletroˆnicas para o modelo ILJ (nesses ajustes tanto a
distaˆncia de equil´ıbrio com a energia de dissociac¸a˜o dos complexos foram fixadas). Com
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esse procedimento, foi poss´ıvel determinar o valor espec´ıfico do paraˆmetro β para cada
sistema diatoˆmico aqui estudada.
Uma vez determinadas as curvas de energia potencial por modelo LJ e ILJ
para cada complexo estudado, a partir das energias eletroˆnicas, passou-se para o segundo
objetivo desta tese, que foi o ca´lculo das constantes espectrosco´picas rovibracionais das
complexos estudados, usando tanto a forma do modelo LJ quanto a do modelo ILJ, a fim
de testar a qualidade dos dois modelos. Os resultados obtidos sugerem que as constantes
espectrosco´picas rovibracionais determinadas com o modelo ILJ concordam melhor com
os dados experimentais do que as obtidas via modelos LJ e ILJ com o β igual a 9.
Dessa forma, organizamos nosso estudo em 5 cap´ıtulos; o cap´ıtulo 2 e´ dedicado
a` fundamentac¸a˜o teo´rica utilizada no desenvolvimento deste trabalho. No cap´ıtulo 3 sa˜o
apresentados e discutidos os resultados para distaˆncias internucleares de equilibrio, ener-
gias de dissociac¸a˜o, ajustes dos paraˆmetros β, constantes espectrosco´picas rovibracionais
e tempo de vida de todos os complexos estudados. No capitulo 4, sa˜o apresentadas as
concluso˜es, bem como perspectivas futuras. Por fim, o cap´ıtulo 5 apresenta os fatores de




2.1 O Sistema Molecular
Para descrever de forma apropriada um sistema molecular qualquer, devemos
recorrer a` soluc¸a˜o da equac¸a˜o de Schro¨dinger (independente do tempo e sem correc¸o˜es
relativ´ısticas) dada por [41]:
HˆΨ(r,R) = EΨ(r,R), (2.1)
onde Ψ(r,R) representa a func¸a˜o de onda do sistema, sendo r o conjunto das coordenadas
eletroˆnicas e R o conjunto das coordenadas nucleares.
O hamiltoniano Hˆ na˜o relativ´ıstico de um sistema molecular constitu´ıdo de
N ele´trons e M nu´cleos e´ dado por:
Hˆ = Tˆe(r) + Tˆn(R) + Vˆn(R) + Vˆne(r,R) + Vˆe(r), (2.2)
onde cada operador desse hamiltoniano, escrito em unidades atoˆmicas (~ = me = e = 1),
e´ definido da seguinte forma:




∇2i representa o operador energia cine´tica dos ele´trons.













representa o operador energia potencial da interac¸a˜o nu´cleo-
nu´cleo.















e´ o perador energia potencial referente a interac¸a˜o ele´tron-ele´tron.
Nos operadores acima, MA e ZA correspondem respectivamente a` massa e
ao nu´mero atoˆmico do nu´cleo A, ∇2A e´ o Laplaciano em relac¸a˜o a`s coordenadas nucleares
e ∇2i e´ o Laplaciano em relac¸a˜o a`s coordenadas eletroˆnicas.


































Contudo, para um sistema quaˆntico de muitos corpos, a equaca˜o (2.3) e´
complicada de ser solucionada sem a utilizac¸a˜o de aproximac¸o˜es. Uma aproximac¸a˜o uti-
lizada frequentemente para aplicac¸a˜o da mecaˆnica quaˆntica a` mole´culas e so´lidos e´ a
aproximac¸a˜o de Born-Oppenheimer [41].
2.2 A Aproximac¸a˜o de Born-Oppenheimer
De acordo com o teorema adiaba´tico, se a pertubac¸a˜o aplicada a um sistema
for suficientemente lenta, o sistema e´ capaz de adaptar-se a` nova configurac¸a˜o e assim seu
autoestado e´ consevardo [41]. Assim, expressa-se a func¸a˜o de onda do sistema molecular
em termos da expansa˜o adiaba´tica da seguinte forma:
Ψ(r,R) = φ(r; R)χ(R), (2.4)
onde φ(r; R) representa a func¸a˜o de onda eletroˆnica que depende explicitamente das
coordenadas eletroˆnicas e parametricamente das coordenadas nucleares, χ(R) representa
a func¸a˜o de onda nuclear.
































φ(r; R)χ(R) = Eφ(r; R)χ(R). (2.5)
Analisando o Laplaciano no segundo termo do lado esquerdo da eq. 2.5,
temos:
∇2A [φ(r; R)χ(R)] = [∇2Aφ(r; R)]χ(R) + 2∇Aφ(r; R)· ∇Aχ(R) + φ(r; R)[∇2Aχ(R)]. (2.6)
13
De acordo com aproximac¸a˜o adiaba´tica a func¸a˜o de onda eletroˆnica φ(r; R) varia lenta-
mente com R, logo podemos considerar:
∇2Aφ(r; R) ≈ 0 (2.7)
e
∇Aφ(r; R) ≈ 0, (2.8)
ou seja:
∇2A [φ(r; R)χ(R)] ≈ φ(r; R)[∇2Aχ(R)]. (2.9)
Desta forma, a equac¸a˜o 2.9 representa matematicamente a aproximac¸a˜o de
Born-Oppenheimer (ABO).




























∇2A + V (R)
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Sendo assim, atrave´s da ABO separou-se a equac¸a˜o de Schro¨dinger indepen-
dente do tempo em duas: a parte eletroˆnica e a parte nuclear. A equac¸a˜o 2.10 descreve
o problema eletroˆnico, cuja soluc¸a˜o para um conjunto de configurac¸o˜es nucleares nos
fornece um conjunto de func¸o˜es eletroˆnicas φ(r; R) e suas energias eletroˆnicas (R) cor-
respondentes. A Equaca˜o 2.11 e´ a equac¸a˜o de Schro¨dinger nuclear, sua soluc¸a˜o descreve
a dinaˆmica molecular, dentre os quais os movimentos de translac¸a˜o, vibrac¸a˜o e rotac¸a˜o.
A seguir, sera˜o descritos os me´todos utilizados nesse trabalho para resolver a equac¸a˜o de
Schro¨dinger eletroˆnica.
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2.3 Soluc¸a˜o da Equac¸a˜o de Schro¨dinger Eletroˆnica
2.3.1 Equac¸a˜o de Hartree-Fock
Para solucionar a equac¸a˜o de Schro¨dinger eletroˆnica acuradamente, devem-
se ultilizar me´todos nume´ricos altamente eficazes, uma vez que resolver essa equac¸a˜o
analiticamente e´ uma uma tarefa complexa. Por essa raza˜o, concentraram-se esforc¸os no
desenvolvimento de me´todos computacionais capazes de solucionar essas equac¸o˜es. Como
resultado, foi desenvolvido o me´todo de Hartre-Fock [41]. A ide´ia ba´sica do Hartree-Fock
(HF) e´ combinar o princ´ıpio variacional, supondo que a func¸a˜o de onda que descreve o
sistema
r deve ser antissime´trica e obtida por meio de um determinante, denominado





ψ1(x1) ψ2(x1) . . . ψN(x1)





ψ1(xN) ψ2(xN) . . . ψN(xN)
 . (2.13)
onde o fator 1/
√
N ! e´ a constante de normalizac¸a˜o para Φ e N e´ o nu´mero de ele´trons. A
soluc¸a˜o da equac¸a˜o de Hartree-Fock sa˜o os spin-orbitais moleculares que por simplicidade
usar-se-a´ o operador de permutac¸a˜o para reescrever o determinante de Slater. Sendo







sendo que Pi e´ o operador que gera a i-e´sima permutac¸a˜o dos ı´ndices de x, e pi e´ o nu´mero
de trocas realizadas, de tal forma que a i-e´sima permutac¸a˜o retorne a` sua sequeˆncia
original. Utilizando o determinante de Slater, escrito com o operador permutac¸a˜o, pode-
se calcular o valor esperado da energia do sistema molecular. Levando-se em considerac¸a˜o
a indistiguibilidade dos ele´trons, tem-se







(〈ab|ab〉 − 〈ab|ba〉). (2.15)
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Na equac¸a˜o acima, a e b variam de 1 ate´ N, bem como nas demais que apare-
cera˜o neste cap´ıtulo, e representam os spin-orbitais moleculares ψa e ψb, e h e´ o hamilto-









Como mencionado anteriomente, o me´todo HF consiste basicamente em
combinar o princ´ıpio variacional com a suposic¸a˜o de que a func¸a˜o de onda que descreve o
sistema e´ antissime´trica. Dessa forma, a func¸a˜o de onda que mais se aproxima da soluc¸a˜o
exata e´ a que conduz a um mı´nimo. Como a func¸a˜o de onda e´ escrita em termos de
spin-orbitais, escrever-se-a´ um funcional energia de acordo com a equac¸a˜o 2.15. Logo a








(〈ψaψb|ψaψb〉 − 〈ψaψb|ψbψa〉). (2.17)
Para minimizar E[ψ], os spin-orbitais devem ser ortonormais, ou seja, 〈ψa|ψb〉−





ba(〈ψa|ψb〉 − δab), (2.18)
onde os ba sa˜o os multiplicadores de Lagrange. Minimizando esse funcional, chega-se a`
equac¸a˜o de HF:
F|ψa〉 = a|ψa〉, (2.19)
onde F e´ o operador de Fock dado por:
















sendo que a e´ o autovalor de energia para o orbital a.
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Dessa forma, nota-se que o operador de Fock depende das soluc¸o˜es da equac¸a˜o
dos spin-orbitais. Existe uma equac¸a˜o para cada orbital que depende dos outros orbitais
atrave´s do operador de Fock. Logo, essas equac¸o˜es devem ser resolvidas de forma acoplada,
ou seja, atrave´s de aproximac¸o˜es sucessivas. Devido a isso o me´todo HF e´ um me´todo
autoconsistente, no final do processo as func¸o˜es ψ que sa˜o soluc¸o˜es da equac¸a˜o de Hartree-
Fock devem ser as mesmas a partir dos quais o operador de Fock foi obtido.
Desta forma, os determinantes de Slater sa˜o a esseˆncia do me´todo Hartree-
Fock [39]. Usando um u´nico determinante de Slater (equac¸a˜o 2.13), pode-se escrever




onde α e β representam, respectivamente, spin up e down. Quando nenhuma restric¸a˜o e´
feita aos orbitais moleculares, o me´todo e´ denominado Hartree-Fock na˜o Restrito (UHF),
tornando-se adequado para sistemas de camada aberta. Sistemas de camada aberta po-
dem ser descritos tambe´m por uma func¸a˜o de onda do tipo restrita, onde as partes espa-
ciais dos spins-orbitais, duplamente ocupados, sejam necessariamente as mesmas. Nestas
condic¸o˜es, tem-se o me´todo Hartree-Fock Restrito de Camada Aberta (ROHF). Aqui
considerar-se-a´ o me´todo HF restrito [39,41] para o caso em que o sistema possui camada
fechada, ou seja, o sistema possui um nu´mero par de ele´trons e cada orbital esta´ ocu-
pado por dois ele´trons: um com spin α e outro com spin β. Levando-se em conta essas
considerac¸o˜es para HF restrito, obtem-se a equac¸a˜o de HF, que agora sera´ espacial, e a
equac¸a˜o para o valor da energia me´dia do sistema e´ dada por,







2 〈pq|pq〉 − 〈pq|pq〉 , (2.25)
onde f(r1) e´ o operador de Fock para camadas fechadas, definido da seguinte maneira:





Na equaca˜o acima, Jq(r1) e Kq(r1) sa˜o, respectivamente, os operadores de
coulomb e de troca para camadas fechadas. Dessa forma, com a eliminac¸a˜o dos termos
relacionados ao spin, o problema passa a ser o de resolver uma equac¸a˜o diferencial espacial.
Uma possibilidade de soluc¸a˜o dessa equac¸a˜o sera´ expandir a parte espacial dos spin-





onde gν(r) sa˜o as func¸o˜es base conhecidas, k e´ o nu´mero de func¸o˜es do conjunto e Cνp sa˜o os
coeficientes da expansa˜o linear dos orbitais espaciais a serem determinados. Substituindo
a equac¸a˜o 2.27 em 2.24, encontrar-se-a´ a equac¸a˜o de Hartree-Fock-Roothaan (HFR) [39,
41,42],
FC = SC (2.28)












Na equac¸a˜o 2.28, C e´ a matriz dos coeficientes da expansa˜o e  e´ a matriz
diagonal que conte´m as energias orbitais. A equac¸a˜o 2.28 deve ser resolvida de maneira
iterativa, e pode ser utilizado o procedimento SCF (Self Consistent Field) [41] como
algoritmo para sua soluc¸a˜o.
2.3.2 Me´todo Coupled Cluster
O me´todo de coupled cluster (CC) [39] e´ uma te´cnica nume´rica usada para
descrever sistemas de muitos corpos, capaz de fornecer a energia de correlac¸a˜o eletroˆnica
de maneira eficiente. Foi primeiramente desenvolvido por Coster [43] e Ku¨mmel e cola-
boradores [44] e tornou-se muito popular na u´ltima de´cada [1, 3, 8]. A ideia ba´sica no
me´todo CC e´ tratar um sistema de muitos ele´trons, separando-o em va´rios aglomerados
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com poucos ele´trons, denominados de clusters. Em seguida, calculam-se as interac¸o˜es en-
tre os ele´trons de um mesmo aglomerado e depois entre diferentes aglomerados. A func¸a˜o
de onda CC e´ escrita na seguinte forma
|Φ〉 = eT |Φ0〉, (2.31)
onde |Φ〉 e´ a func¸a˜o de onda HF e T e´ o operador de cluster dado por:





























Na notac¸a˜o acima, a, b,... representam orbitais ocupados no determinante
HF, e r, s,... representam orbitais virtuais. Os operadores a† e a atuam como operadores
de criac¸a˜o e aniquilac¸a˜o, respectivamente. Os coeficientes t sa˜o nu´meros reais chamados
amplitudes de cluster. O operador T1 gera as configurac¸o˜es com substituic¸o˜es simples, T2
gera as configurac¸o˜es com substituic¸o˜es duplas e assim sucessivamente.
Levando-se em conta a forma da eq. 2.32 o operador exponencial eT pode ser
expandido em se´rie de Taylor
eT1+T2+...+Tp = 1 + T1 + T2 +
1
2!
T 21 + T3 +
1
3!
T 31 + T1T2 + ..., (2.36)
onde T1, T2 e T3,... sa˜o chamados termos conexos e T
2
1 , T1T2, ... sa˜o chamados termos
desconexos. Essa se´rie e´ finita, pois o nu´mero de orbitais ocupados e´ finito, assim como
o nu´mero de excitac¸o˜es. As amplitudes de cluster t, devem ser tais que a func¸a˜o de onda
|Φ〉 satisfac¸a a equac¸a˜o de Schro¨ndiger.
HeT |Φ0〉 = EeT |Φ0〉. (2.37)
Multiplicando essa equac¸a˜o por e−T pela esquerda, temos
e−THeT |Φ0〉 = E|Φ0〉. (2.38)
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A func¸a˜o de onda |Φ〉 contera´ todas as substituic¸o˜es poss´ıveis, desde que p
seja igual ao nu´mero de spin-orbitais ocupados. Sendo o conjunto de func¸o˜es de base
completo, a otimizac¸a˜o das amplitudes de clusters levara´ a uma soluc¸a˜o extra, que na˜o e´
via´vel computacionalmente. Sendo assim, e´ necessa´rio truncar o operador de cluster T ,
levando em considerac¸a˜o apenas alguns operadores de cluster.
Umas das aproximac¸o˜es dentro do me´todo CC, e´ considerar as substituic¸o˜es
simples e duplas T = T1 + T2. Pelo teorema de Brillouin [41], apenas as substituic¸o˜es
duplas interagem com o determinante HF. Dessa maneira, a maior contribuic¸a˜o das subs-
tituic¸o˜es simples para a energia se da´ por meio do termo desconexo T 21 . Essa aproximac¸a˜o
e´ denominada CCSD (CC com determinantes com simples e duplas excitac¸o˜es). Para
calcular a energia nesta aproximac¸a˜o, projeta-se a equac¸a˜o 2.38 no estado |Φ0〉:













Essa energia na˜o e´ restrita apenas a` aproximac¸a˜o CCSD, uma vez que ope-
radores de clusters de ordem mais alta na˜o contribuem diretamente para a energia, pois
pelas regras de Condon-Slater [41], tem-se que:
〈Φ0|H|Φrstabc〉 = 〈Φ0|H|Φrst...abc...〉 = 0. (2.40)
No entanto, esses operadores de ordem mais alta contribuem indiretamente
para a energia, por meio das equac¸o˜es usadas para determinar as amplitudes de cluster
tra e t
rs
ab, que sa˜o necessa´rias para a obtenc¸a˜o da energia.
Para obter as amplitudes de cluster tra e t
rs
ab na aproximac¸a˜o CCSD projeta-se a
eq. 2.38 nos estados |Φra〉 e |Φrsab〉. Sabendo que os determinantes excitados sa˜o ortonormais
entre si, temos que:
〈Φra|e−THeTΦ0〉 = 0 (2.41)
denominado equac¸a˜o de amplitude T1, e
〈Φrsab|e−THeTΦ0〉 = 0 (2.42)
denominado de equac¸a˜o de amplitude T2.
O procedimento para a construc¸a˜o das equac¸o˜es alge´bricas que resultam nas
amplitudes de cluster T1 e T2 pode ser visto na Refereˆncia [45]. A maior dificuldade do
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me´todo CC e´ obter a soluc¸a˜o das equac¸o˜es para as amplitudes de cluster, pois todos os
coeficientes aparecem em todas as equac¸o˜es. Dessa maneira, essas equac¸o˜es devem ser re-
solvidas de forma autoconsistente, sendo o me´todo de Newton-Raphson multidimensional
e´ o mais utilizado.
Como mencionado anteriormente, incluir apenas T1 e T2 no operador de clus-
ter na˜o quer dizer que apenas as substituic¸o˜es simples e duplas sa˜o inclu´ıdas na func¸a˜o
de onda, pois ale´m destas, tambe´m sa˜o inclu´ıdas termos desconexos de substituc¸o˜es de
terceira, quarta,... ordem. Uma aproximac¸a˜o mais sofisticada dentro do me´todo CC e´
denominado CCSDT (CC com determinantes com simples, duplas e tripla excitac¸o˜es).
Essa aproximac¸a˜o inclui substituc¸o˜s simples, duplas e triplas no operador de cluster [46].
No entanto, a inclusa˜o desses novos termos no operador de cluster implica em um elevado
custo computacional tornando-o em um me´todo dispendioso [46]. Uma maneira mais
via´vel de incluir as substituic¸o˜es triplas conexas foi proposta por Gauss e Cremer [47].
Essa forma e´ denominada CCSD(T), onde o termo que envolve as excitac¸o˜es triplas e´
inclu´ıdo via teoria de pertubac¸a˜o.
2.3.3 Func¸o˜es de base
O principal objetivo de ca´lculos ab initio e´ a obtenc¸a˜o de resultados de um
sistema molecular a partir da resoluc¸a˜o da equac¸a˜o de Schro¨dinger eletroˆnica, sem a uti-
lizac¸a˜o de paraˆmetros com ajuste de dados experimentais. Existem diversas aproximac¸o˜es
para resolver a equac¸a˜o acima citada, uma das mais comuns na aplicac¸a˜o de me´todos ab
initio e´ a incorporac¸a˜o de um conjunto de base, que consiste na expansa˜o de uma func¸a˜o
desconhecida em um conjunto de func¸o˜es conhecidas.
Existem dois tipos de func¸o˜es de base comumente utilizado nos ca´lculos de
estrutura eletroˆnica: Slater Type Orbital (STO) e Gaussian Type Orbital (GTO). Os
orbitais do tipo Slater sa˜o geralmente representados como STO− nG, onde n representa
o nu´mero de orbitais gaussianos (φ) usados na expansa˜o da func¸a˜o de onda eletroˆnica do
sistema, ou seja, gaussianas contra´ıdas [48]. Matematicamente, os STO − nG podem ser
escritos na forma:
ψSTO−3G = c1φ1 + c2φ2 + c3φ3, (2.43)
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Nesta equac¸a˜o, temos
• φ1 = (2α1pi )e−α1r
2
;
• φ2 = (2α2pi )e−α2r
2
;
• φ3 = (2α3pi )e−α3r
2
;
sendo α1, α2, α3,c1, c2 e c3 obtidos de forma que as gaussianas contra´ıdas sobreponham
o ma´ximo os STO. As func¸o˜es de Slater descrevem os orbitais monoeletroˆnicos de forma
precisa, pore´m suas integrais sa˜o de dif´ıcil resoluc¸a˜o, tornando sua aplicabilidade restrita
apenas a` sistemas monoatoˆmicos e diatoˆmicos.
Sendo assim, para mole´culas maiores, geralmente utiliza-se um conjunto de
func¸o˜es gaussianas (GTO). De modo geral, mesmo sendo necessa´rio combinar va´rias GTO
para descrever um orbital atoˆmico com formato aproximado ao de uma STO, as integrais
de dois ele´trons e multiceˆntricas calculadas para sistemas moleculares sa˜o feitas mais
rapidamente por GTO, uma vez que o produto de duas gaussianas gera uma terceira
gaussiana, o que facilita consideravelmente a resoluc¸a˜o das integrais.
Uma aproximac¸a˜o muito utilizada na maioria dos conjuntos de func¸o˜es base
e´ a combinac¸a˜o linear de gaussianas primitivas, denominada de contrac¸a˜o de gaussianas
ou contrac¸a˜o de orbitais do tipo gaussiana (CGTO-Contracted Gaussian Type Orbital).
Aos conjuntos de bases que utilizam apenas uma CGTO para orbitais de camada interna
e va´rias CGTOS para descrever os orbitais de camada de valeˆncia, da´-se o nome de
conjuntos de bases de Split-valence basis set, proposta por People [48]. Geralmente e´
representada por X − Y ZG, sendo X o nu´mero de gaussianas utilizadas para os ele´trons
mais internos (que na˜o esta˜o na camada de valeˆncia), Y e Z os nu´meros de gaussianas
utilizados no orbitais de valeˆncia.
Embora as bases Split-valence sejam muito utilizadas, existem sistemas mole-
culares como os estudados neste trabalho que necessitam de orbitais adicionais que repre-
sentem bem a difusa˜o e dispersa˜o, pois sistemas envolvendo gases nobres esta˜o sempre
sujeitos a dispersa˜o. Desta forma, para uma melhor acura´cia no estudo destes sistemas
utilizamos as func¸o˜es de base desenvolvidadas por Dunning [40].
O conjunto de base desenvolvido por Dunning e´ geralmente escrita na forma
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cc − pV nZ. Nessa nomeclatura, cc e´ o termo de correlac¸a˜o consistente, p significa pola-
rizac¸a˜o, V significa valeˆncia e nZ = DZ, TZ, QZ, 5Z,... (DZ=double-zeta, TZ=triple-zeta,
QZ= quaduple-zeta,... ), que e´ o nu´mero de exitac¸o˜es consideradas. Neste trabalho, as
func¸o˜es de base utilizadas foram aug-cc-pVTZ, aug-cc-pVQZ e aug-cc-pV5Z, o termo aug
significa que foram utilizadas func¸o˜es difusas. Ca´lculos realizados utilizando as func¸o˜es
de base acima citadas esta˜o sujeitos a um pequeno erro, conhecido como BSSE (do ingleˆs
“Basis set superposition error”), que sera´ melhor explicado na pro´xima secc¸a˜o.
2.3.4 Correc¸a˜o para o erro de superposic¸a˜o de func¸o˜es de base
Em geral, conjuntos de func¸o˜es de base finitas sa˜o utilizados no ca´lculo da
energia eletroˆnica. Essas func¸o˜es de base sa˜o geralmente centradas sobre os a´tomos que
as originam, e cada a´tomo pode ser representado por um conjunto de func¸o˜es ideˆnticas
ou diferentes entre si. Como ja´ mencionado antes, o objetivo deste trabalho e´ o estudo
dos sistemas diatoˆmicos formados pelos gases nobres. Denominando um dos a´tomos do
sistema de A e o outro de B, a energia de interac¸a˜o e´ dada por:
∆EAB = EAB − (EA + EB), (2.44)
onde EAB e´ a energia do sistema, EA e EB sa˜o as energias de cada a´tomo calculadas
separadamente. No entanto, a Equaca˜o (2.44) so´ e´ consistente quando utilizamos um
conjunto de bases suficientemente grande para garantir que o orbital molecular dos a´tomos
seja descrito da mesma maneira, seja no sistema ou separadamente.
A utilizac¸a˜o de um conjunto incompleto de func¸o˜es de base leva a um erro na
energia de interac¸a˜o, denominado BSSE. Isso ocore pelo compartilhamento das func¸o˜es de
base de A e B quando esta˜o pro´ximos, esse compartilhamento e´ bene´fico e ajuda a suprir
a defasagem do conjunto de base incompleto dos a´tomos. Entretanto, quanto maior for a
distaˆncia entre os a´tomos, menor e´ o compartilhamento, de modo que ao se dissociarem,
cada a´tomo passa a ser descrito apenas por seu pro´prio conjunto de base.
Quando os a´tomos esta˜o separados, ambos possuem menor acessibilidade a`s
func¸o˜es de base, isto faz com que suas energias EA e EB sejam superestimadas (menos
negativas) devido a` pior descric¸a˜o matema´tica de seus orbitais moleculares em relac¸a˜o a`s
que possuem no sistema. Dessa maneira, a energia ∆EAB descrita na Equaca˜o (2.44) e´
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menor do que deveria ser se o nu´mero de func¸o˜es de base acess´ıveis para cada a´tomo fosse
igual durante todo o ca´lculo.
Existem diferentes aproximac¸o˜es para minimizar ou extinguir o BSSE. Uma
das aproximac¸o˜es mais utilizadas e´ a Counterpoise Correction desenvolvido por Boys e
Bernardi [52].
Para corrigir o BSSE no ca´lculo da energia de interac¸a˜o ∆EAB utilizando a
metodologia Counterpoise Correction, substitui-se os conjuntos de base dos a´tomos pelo
conjunto de base do sistema. De forma que para calcular a energia do a´tomo A, o a´tomo B
passa a ser definido como a´tomo fantasma, posicionado na mesma geometria do sistema,
pore´m sem ele´trons ou nu´cleos. A energia de A passa a ser dada por EA(AB), na qual
a notac¸a˜o entre pareˆnteses (AB) se refere ao conjunto de base do sistema. A energia de
interac¸a˜o corrigida pelo Counterpoise Correction ∆EABCP passa a ser dada por:
∆EABCP = E
AB − (EA(AB) + EB(AB)). (2.45)
2.3.5 Pseudopotenciais
Investigar um sistema molecular com uma quantidade muito grande de
ele´trons levando em considerac¸a˜o todas as interac¸o˜es entre suas part´ıculas torna-se com-
putacionalmente muito dispendioso e em alguns caso invia´vel. A teoria do pseudopoten-
cial (PP), obtido pela primeira vez por Phillips e Kleimann [49], foi umas das primeiras
aproximac¸o˜es para a resoluc¸a˜o da equac¸a˜o de Schrodinger eletroˆnica. Esta aproximac¸a˜o
consiste basicamente em aproximar o potencial correspondente a` interac¸a˜o ele´tron-nu´cleo
por um psedopotencial efetivo muito mais fraco, e substituir as func¸o˜es de onda de ele´trons
de valeˆncia, que oscilam rapidamente na regia˜o central, por func¸o˜es de pseudo-onda, que
variam suavemente no regia˜o central.
Nos a´tomos, os ele´trons mais pro´ximos do nu´cleo sentem um forte poten-
cial atrativo e possuem pouca participac¸a˜o nas ligac¸o˜es qu´ımicas. Por outro lado, os
ele´trons de valeˆncia esta˜o fracamente ligados ao nu´cleo e por isso apresentam grande par-
ticipac¸a˜o nas ligac¸o˜es qu´ımicas, determinando a maior parte das propriedades f´ısicas de
uma mole´cula.
O pseudopotencial e´ um potencial efetivo utilizado para substituir o poten-
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cial real gerado pelos pro´tons e ele´trons pro´ximos ao nu´cleo (caroc¸o). Desta forma, os
estados eletroˆnicos do caroc¸o sa˜o eliminados e os ele´trons de valeˆncia sa˜o descritos por
uma pseudofunc¸a˜o de onda sem nodos. Isto reduz o custo computacional simplificando
os ca´lculos de estrutura eletroˆnica.
Os PPs de norma conservado sa˜o os mais utilizados. Estes devem satisfazer
as seguintes condic¸o˜es [50]:
1. Os autovalores obtidos devem ser ideˆnticos aos verdadeiros.
2. Para r > rc , as pseudofunc¸o˜es devem ser iguais a`s func¸o˜es de onda reais, onde rc e´
o raio de corte.
3. A carga total na regia˜o r 6 rc calculada pelas pseudofunc¸o˜es e pelas autofunc¸o˜ess
originais e´ ideˆntica.
4. A derivada logar´ıtmica da pseudofunc¸a˜o e´ equivalente a` da func¸a˜o de onda real para
r > rc.
Nesse trabalho, utilizou-se o pseudopotencial de Peterson e colaboradores
[51] para todos os sistemas que envolveram os a´tomos de xenoˆnio e o radoˆnio. Este
pseudopotencial foi testado com ca´lculos CCSD(T) de afinidades eletroˆnicas atoˆmicas,
polarizabilidades de gases nobres, e as constantes espectrosco´picas de va´rios sistemas
diatoˆmicos de camadas fechadas. Em todos os casos, os erros devidos a` aproximac¸a˜o
pseudopotencial foram calculados como sendo quase insignificantes.
2.3.6 Modelo Lennard-Jones aprimorado - ILJ
As mole´culas esta˜o sujeitas a duas forc¸as distintas, no limite de menor e
maior separac¸a˜o. Essas forc¸as sa˜o respectivamente a forc¸a repulsiva em distaˆncias menores
e a forc¸a atrativa a distaˆncias longas. O potencial de Lennard-Jones (LJ) [38], proposto
em 1924 por John Lennard-Jones, e´ um modelo matema´tico simples que descreve este
comportamento das mole´culas. O potencial LJ e´ dado por:










onde ε e´ a profundidade do potencial e σ e´ a distaˆncia internuclear de equilibrio. Na
equac¸a˜o acima o primeiro termo descreve a repulsa˜o e o segundo termo descreve a atrac¸a˜o.
Experieˆncias realizadas envolvendo gases nobres teˆm sido usadas para veri-
ficar a confianc¸a de uma func¸a˜o (potencial) de interac¸a˜o proposta por Pirani e colabora-
dores [37] que envolve apenas um paraˆmetro a mais que o modelo LJ, e e´ denominada
de Improved Lennard-Jones (ILJ). O potencial ILJ elimina a maioria das deficieˆncias de
curto e longo alcance do modelo LJ, e tem a seguinte forma:















onde ε e Rm representam respectivamente a profundidade do potencial e a sua localizac¸a˜o.
Na equac¸a˜o 2.47, o primeiro termo descreve a repulsa˜o ao passo que o se-
gundo descreve a atrac¸a˜o. O expoente do segundo termo assume os seguintes valores:
m = 6 para sistemas que contenham a´tomos ou mole´culas neutro-neutro, m = 4 para
sistemas ı´on-neutro e m = 1 para casos ı´on-´ıon. O termo n(R) e´ dado por:






onde β e´ um fator relacionado a` dureza dos dois elementos (a´tomos) que interagem.
2.4 Soluc¸a˜o da Equac¸a˜o de Schro¨dinger Nuclear






∇2A + V (R)
]
χ(R) = Eχ(R), (2.49)







+ (R) corresponde ao potencial efetivo a` que os nu´cleos
esta˜o sujeitos.
Antes de resolver a equac¸a˜o 2.49, para os sistemas diatoˆmicos envolvendo os
gases nobres, e´ conveniente expressar esta equac¸a˜o em um referencial localizado no centro
de massa da mole´cula. De fato, deslocando o sistema de refereˆncia do laborato´rio para o
centro de massa do sistema, pode-se escrever a Equac¸a˜o 2.49 como sendo:[
− 1
2µ
∇212 + V (R12)
]
ϕ12(R12) = Eintϕ12(R12), (2.50)
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onde a func¸a˜o ϕ12 depende somente da distaˆncia internuclear que une os dois nu´cleos e
Eint e´ a energia interna da mole´cula, ou seja, a soma da energia vibracional e rotacional
da mole´cula diatoˆmica.
Para explorar a simetria esfe´rica do potencial V (R12), um novo sistema de
coordenadas com origem fixa no centro de massa da mole´cula e´ introduzido. Na figura
2.1, O’ e´ a origem do novo sistema de coordenadas fixado no centro de massa, µ e´ a massa
reduzida e R12 e´ a posic¸a˜o do nu´cleo 2 em relac¸a˜o ao nu´cleo 1. Reescrevendo a equac¸a˜o
















ϕ12(R12) = Eintϕ12(R12), (2.51)
















Figura 2.1: Novo sistema de coordenadas com origem fixa no centro de massa da mole´cula.
Como o potencial V (R12) na˜o depende das varia´veis angulares, enta˜o o ha-
miltoniano pode ser separado em uma parte radial (R12) e outra angular (θ, ϕ). Dessa
maneira a func¸a˜o de onda fica:
ϕ12(R12) = Ψ(R12)Y
mj
j (θ, ϕ), (2.53)
onde Y
mj
j (θ, ϕ) sa˜o os harmoˆnicos esfe´ricos, autofunc¸o˜es do operador Lˆ
2 [52]. Assim a
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j (θ, ϕ) = j(j + 1)Y
mj

















onde j representa o nu´mero quaˆntico rotacional da mole´cula diatoˆmica.
Como a func¸a˜o de onda depende apenas da parte radial, propo˜e-se a seguinte
substituic¸a˜o:
Ψ˜(R12) = R12Ψ(R12). (2.56)





+ V˜ (R12)Ψ˜(R12) = EintΨ˜(R12), (2.57)
onde V˜ (R12) =
j(j + 1)
2µR212
+ V (R12) e´ o potencial efetivo.
Para resolver a Equaca˜o (2.57) usa-se o me´todo variacional [41, 56], que





onde cj sa˜o os coeficientes da expansa˜o a serem determinados e ηj(R12) sa˜o func¸o˜es de
base conhecidas.
Dessa maneira a substituic¸a˜o de 2.58 em 2.57, transforma a equac¸a˜o dife-
rencial de segunda ordem 2.57, na seguinte equac¸a˜o matricial:
HC = ESC, (2.59)
onde H = T + V e S e´ a matriz de sobreposic¸a˜o.





















onde os elementos de matrizes Tij, Vij e Sij, sera˜o calculados via me´todo DVR (do ingleˆs
“Discrete Variable Representation”).
2.5 Me´todo da Representac¸a˜o da Varia´vel Discreta
Assim como a equac¸a˜o de Schro¨dinger eletroˆnica, a equac¸a˜o de Schro¨din-
ger nuclear para sistemas com muitas part´ıculas na˜o pode ser resolvida de forma exata,
portanto e´ necessa´rio introduzir aproximac¸o˜es que busquem a melhor soluc¸a˜o poss´ıvel. O
me´todo DVR e´ uma aproximac¸a˜o que se baseia na expansa˜o da func¸a˜o de onda em um
conjunto de func¸o˜es de base ortonormais φi(R12); i = 1, ..., N e a utilizac¸a˜o de regras de
quadraturas para calcular as integrais envolvidas [57].
Assim, os elementos de matrizes de energia potencial Vij (calculados apenas
nos pontos de quadraturas gaussianas) tornam-se diagonais e os elementos de matrizes do
operador energia cine´tica Tij passam ser calculados analiticamente.
Para expandir a soluc¸a˜o Ψ˜(R12) utilizamos func¸o˜es φi(R) como func¸o˜es de
base, onde φj e´ um conjunto de func¸o˜es pertencentes ao espac¸o L
2 com a seguinte propri-
edade:
φj(Rk) = δjk(j, k = 1, 2, ..., n), (2.63)
sendo que Rk representa os pontos de quadratura gaussiana onde as func¸o˜es de base sera˜o
avaliadas.
Portanto, expandindo Ψ˜(R12) como uma combinac¸a˜o de φj(R), e omitindo





onde cj sa˜o os coeficientes da expansa˜o a serem determinados e as func¸o˜es φj(R) repre-
sentam a discretizac¸a˜o da varia´vel R.
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Usando a notac¸a˜o de Dirac para obter a representac¸a˜o da varia´vel discreta,
temos:
φj(R) = 〈R|φj〉. (2.65)
Inserindo a relac¸a˜o de completeza
n∑
i=1








onde as integrais dos elementos da matriz 〈fi|φj〉 podem ser calculadas atrave´s de qua-







onde wk sa˜o os pesos correspondentes aos pontos Rk da quadratura.




























i (Rj) = 1 (func¸o˜es de base normalizadas), enta˜o o peso asso-









No entanto, as func¸o˜es de base φj(R) na˜o esta˜o normalizadas em todos os
pontos da quadratura, portanto precisamos normaliza´-las fazendo:
φj(R) = λjφj(R), (2.72)
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onde λj e´ a costante de normalizac¸a˜o [58] e a func¸a˜o φj(R) deve satisfazer a seguinte
condic¸a˜o:
〈φj|φj〉 = 1, (2.73)
assim, substituindo a equaca˜o 2.72 na equaca˜o 2.73, temos:
λ2j〈φj|φj〉 = 1. (2.74)






j(Rk)φj(Rk) = 1, (2.75)
usando a ortogonalidade das func¸o˜es primitivas φj(Rk) (2.63), temos:
λ2jwj = 1. (2.76)





Assim, substituindo as Equac¸o˜es 2.77 e 2.70 em 2.72, obtemos a func¸a˜o de









Finalmente, expandindo a func¸a˜o de onda utilizando a representac¸a˜o da












Repetindo o procedimento das quadraturas gaussianas, pode-se reescrever a








onde φj(Rk) = δjk (func¸o˜es de base ortogonais), portanto a matriz de energia potencial V
torna-se diagonal. Essa e´ uma das principais caracteristicas do DVR. Rk sa˜o os pontos da
quadratura gaussiana, que sa˜o os autovalores da matriz, cujos elementos sa˜o dados por:
Rij = 〈fi|Rˆ|fj〉. (2.82)
2.5.1 DVR com Pontos Igualmentes Espac¸ados
Para calcular os elementos de matriz do operador energia cine´tica, podemos
utilizar as quadraturas gaussianas com pontos igualmentes espac¸ados [58,59], pertencentes





onde i = 1, 2, ..., N − 1; considerando que a func¸a˜o de base seja nula nas extremidades,
isso sugere que se pode utilizar as func¸o˜es de onda de uma part´ıcula numa caixa como










onde n = 1, 2, ..., N − 1.
Os elementos de matriz do operador energia cine´tica sa˜o dados por:
Tij = 〈Ri|Tˆ |Rj〉, (2.85)
onde Tˆ e´ o operador diferencial energia cine´tica e tem a seguinte forma:





Introduzindo a relac¸a˜o de fechamento em 2.85 e explicitando o operador
energia cine´tica Tˆ , obte´m-se a representac¸a˜o da varia´vel discreta do operador Tij, que e´
dada por:













































Portanto, o DVR diagonaliza o potencial da matriz hamiltoniana, e permite
que os elementos da matriz energia cine´tica sejam obtidos analiticamente.
2.6 Propriedades Espectrosco´picas Rovibracionais
Nesse trabalho, as constantes rovibracionais foram obtidas por dois me´todos
diferentes. No primeiro monta-se um sistema de cinco equac¸o˜es fazendo o nu´mero quaˆntico










































Em seguida, substituim-se os valores das energias rovibracionais Eυ,J obtidas
atrave´s da resoluc¸a˜o da equac¸a˜o de Schro¨dinger nuclear. Pode-se enta˜o montar um sistema




















[−2 (E1,1 − E0,1) + (E2,1 − E0,1) + 2ωexe − 9ωeye] .
(2.91)
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O segundo me´todo utilizado para encontrar as constantes espectrosco´picas
foi o me´todo de Dunham [62]. Em 1932, utilizando teoria de perturbac¸a˜o, Dunham
encontrou uma expressa˜o para a energia rovibracional de uma mole´cula diatoˆmica em
termos das derivadas do potencial na distaˆncia internuclear de equil´ıbrio Re. A expansa˜o
do potencial em torno de Re e´ dada por:
























(R−Re)4 + .... (2.92)
Reescrevendo a equac¸a˜o 2.92 de forma mais simples, tem-se:












4 + ..., (2.93)
onde ρ=R-Re e´ o deslocamento em relac¸a˜o a` distaˆncia internuclear de equil´ıbrio e d2, d3
e d4 sa˜o a segunda, terceira e quarta derivada, respectivamente, do potencial em ρ=0.
Como mostrado por Dunham as constantes espectrosco´picas rovibracionais
que multiplicam (υ+ 1
2
) em 2.90, podem ser escritas em termos das derivadas do potencial,
atrave´s de uma comparac¸a˜o entre 2.90 e 2.93. A segunda derivada e´ dada pela mesma
















A constante αe pode ser determinada atrave´s da derivada terceira do poten-
cial, dada por:























































A constante vibracional ωeye e a constante rotacional γe podem ser obtidas
usando as expresso˜es das derivadas superiores de se´tima ordem.
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3 Resultados e Discusso˜es
Neste cap´ıtulo sera˜o mostrados e analisados os resultados obtidos para a con-
truc¸a˜o das curvas de energias potenciais e das propriedades dinaˆmica dos 21 sistemas
moleculares envolvendo os gases nobres a saber He-He, He-Ne, He-Ar, He-Kr, He-Xe,He-
Rn, Ne-Ne, Ne-Ar, Ne-Kr, Ne-Xe, Ne-Rn, Ar-Ar, Ar-Kr, Ar-Xe, Ar-Rn, Kr-Kr, Kr-Xe,
Kr-Rn, Xe-Xe, Xe-Rn e Rn-Rn. De posse das curvas de energia potenciais de cada sistema
estudado (obtidas a partir das energias eletroˆnicas), enta˜o passou-se para o outro objetivo
desta tese que foi o ca´lculo das constantes espectrosco´picas rovibracionais dos complexos
usando tanto a forma do modelo LJ quanto a do modelo ILJ, com o objetivo de testar a
qualidade dos dois modelos.
As constantes espectrosco´picas rovibracionais foram enta˜o calculadas atrave´s
de duas metodologias: o me´todo DVR e o me´todo de Dunham. A primeira, combina
as soluc¸o˜es da equac¸a˜o de Schro¨dinger Nuclear com uma equac¸a˜o espectrosco´pica. A se-
gunda, consiste basicamente na expansa˜o da forma anal´ıtica em uma se´rie de Taylor, enta˜o
relaciona-se as derivadas de segunda a` se´tima ordem em torno da distaˆncia internuclear
de equil´ıbrio, Re, com as constantes rovibracionais.
3.1 Distaˆncia internuclear de equil´ıbrio e Energia de
dissociac¸a˜o de cada sistema molecular
Todas as curvas de energias eletroˆnicas foram contru´ıdas usando o me´todo
coupled cluster e com a correc¸a˜o BSSE implementada no pacote de programas Gaussian
09 [63]. Essas curvas foram contruidas utilizando os seguintes conjuntos de func¸o˜es base:
aug-cc-pVTZ, aug-cc-pVQZ e aug-cc-pV5Z. Foram calculadas as energias eletroˆnicas de
cada sistema molecular, no estado fundamental, para diferentes valores de distaˆncia inter-
nucleares (mostradas no apeˆndice B). Na regia˜o pro´xima ao poc¸o de potencial foi utilizado
um incremento de 0,01 A˚ para uma melhor caracterizac¸a˜o da distaˆncia de equil´ıbrio de
cada sistema molecular considerado. A Tabela 3.1 mostra a distaˆncia internuclear de
equilibrio de cada sistema diatoˆmico, bem como as distaˆncias de equil´ıbrio dispon´ıveis na
literatura.
Tabela 3.1: Distaˆncia de equilibrio em A˚ para cada sis-
tema diatoˆmico considerando o n´ıvel de ca´lculo CCSD(T)
e os conjunto de func¸o˜es de base aug − cc − pV TZ,
aug − cc− pV QZ e aug − cc− pV 5Z.
Sistema aug-cc-pvtz aug-cc-pvqz aug-cc-pv5z Exp.
He-He 3,04 3,01 2,99 2,970 [16]
He-Ne 3,12 3,07 3,05 3,03 [64]
He-Ar 3,59 3,54 3,51 3,48 [36]
He-Kr 3,83 3,75 3,72 3,70 [65]
He-Xe 4,10 4,04 4,01 3,994 [36]
He-Rn 4,26 4,16 4,13 –
Ne-Ne 3,22 3,15 3,13 3,094 [36]
Ne-Ar 3,62 3,55 3,52 3,520 [36]
Ne-Kr 3,81 3,72 3,69 3,660 [36]
Ne-Xe 4,07 3,96 3,93 3,885 [36]
Ne-Rn 4,18 4,06 4,02 –
Ar-Ar 3,89 3,83 3,80 3,76 [36]
Ar-Kr 4,05 3,96 3,94 3,910 [36]
Ar-Xe 4,25 4,16 4,13 4,10 [36]
Ar-Rn 4,32 4,23 4,20 –
Kr-Kr 4,19 4,09 4,06 4,01 [36]
Kr-Xe 4,28 4,27 4,25 4,20 [36]
Kr-Rn 4,45 4,34 4,31 –
Xe-Xe 4,60 4,44 4,41 4,35 [36]
Xe-Rn 4,61 4,49 4,46 –
Rn-Rn 4,66 4,54 4.50 –
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A partir da Tabela 3.1, pode-se inferir que a` medida que o conjunto de func¸o˜es
de base torna-se mais extenso, essas distaˆncias se aproximam cada vez mais das distaˆncias
experimentais. De fato, a melhor concordaˆncia com os dados experimentais e´ encontrada
com a base aug-cc-pV5Z. A Tabela 3.2 mostra a energia de dissociac¸a˜o correspondente para
cada sistema molecular. Dessa tabela, nota-se que as energias obtidas ficaram pro´ximas,
pore´m um pouco abaixo das experimentais. Assim como no caso das distaˆncias internu-
cleares de equil´ıbrio, a melhor energia de dissociac¸a˜o de cada sistema foi obtida com o
conjunto de base aug-cc-pV5Z.
Tabela 3.2: Energia de dissociac¸a˜o em meV para cada sis-
tema diatoˆmico considerando o n´ıvel de ca´lculo CCSD(T)
e os conjunto de func¸o˜es de base aug − cc − pV TZ,
aug − cc− pV QZ e aug − cc− pV 5Z.
Sistema aug-cc-pvtz aug-cc-pvqz aug-cc-pv5z Exp.
He-He 0,737 0,806 0,849 0,942 [16]
He-Ne 1,279 1,522 1,655 1,83 [64]
He-Ar 1,929 2,204 2,373 2,59 [36]
He-Kr 1,911 2,254 2,429 2,67 [65]
He-Xe 1,807 2,172 2,349 2,624 [36]
He-Rn 1,756 2,138 2,323 –
Ne-Ne 2,220 2,879 3,199 3,660 [36]
Ne-Ar 3,750 4,656 5,135 5,740 [36]
Ne-Kr 3,890 5,017 5,536 6,160 [36]
Ne-Xe 3,907 5,152 5,711 6,350 [36]
Ne-Rn 3,919 5.259 5,854 –
Ar-Ar 8,835 10,295 11,239 12,370 [36]
Ar-Kr 10,093 12,119 13,165 14,330 [36]
Ar-Xe 11,369 13,770 14,993 16,090 [36]
Ar-Rn 12,065 14,758 16,100 –
Kr-Kr 11,882 14,648 15,782 17,300 [36]
Kr-Xe 13,463 17,159 18,504 19,950 [36]
Kr-Rn 14,923 18,690 20,209 –
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Xe-Xe 16,618 20,878 22,501 24,200 [36]
Xe-Rn 18,290 23,220 25,019 –
Rn-Rn 20,351 26,222 28,220 –
De posse das energias eletroˆnicas, das distaˆncias internucleares de equil´ıbrio e
das energias de dissociac¸a˜o, ajustou-se esses dados para a forma anal´ıtica ILJ a fim de
obter o paraˆmetro β caracter´ıstco de cada sistema molecular uma vez que experimental-
mente o valor estimado para todos os sistemas envolvendo gases nobres e´ 9. Todos os
paraˆmetros β foram determinados usando o me´todo de Powell [66]. O desvio quadra´tico





N(N − 1) (3.1)
onde E(i) sa˜o as energias eletroˆnicas, V (i) sa˜o as energias obtidas atrave´s do ajuste
da func¸a˜o ILJ e N e´ o nu´mero de energias eletroˆnicas ajustadas (o valor de N para
cada sistema estudado esta´ descrito no apeˆndice B). Todos os desvios quadra´ticos me´dios
obtidos sa˜o mostrados na Tabela 3.4.
Para todos os ajustes, as curvas se ajustaram bem tanto para as regio˜es
harmoˆnicas como para as regio˜es anarmoˆnicas do potencial, uma vez que o dqm de cada
curva e´ muito pequeno.
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Tabela 3.3: Valores do desvio quadra´tico me´dio em Har-
tree obtido no ajuste do paraˆmetro β para cada sistema
diatoˆmico.
Sistema aug-cc-pvtz aug-cc-pvqz aug-cc-pv5z
He-He 8,70x10−8 9,76x10−8 1,18x10−7
He-Ne 1,95x10−7 2,15x10−7 9,14x10−8
He-Ar 1,74x10−7 1,50x10−7 2,59x10−7
He-Kr 2,96x10−7 1,29x10−7 1,52x10−7
He-Xe 1,00x10−6 1,25x10−7 2,77x10−7
He-Rn 6,54x10−6 1,58x10−7 2,78x10−7
Ne-Ne 2,87x10−7 2,12x10−7 3,58x10−7
Ne-Ar 2,70x10−7 4,70x10−7 5,35x10−7
Ne-Kr 3,26x10−7 3,69x10−7 5,67x10−7
Ne-Xe 1,99x10−6 5,39x10−7 7,67x10−7
Ne-Rn 1,24x10−7 5,09x10−7 9,21x10−7
Ar-Ar 1,50x10−6 1,21x10−6 1,82x10−6
Ar-Kr 1,36x10−6 1,40x10−6 2,54x10−6
Ar-Xe 1,16x10−6 1,86x10−6 2,98x10−6
Ar-Rn 1,50x10−6 2,41x10−6 2,93x10−6
Kr-Ar 1,69x10−6 2,18x10−6 2,63x10−6
Kr-Xe 1,68x10−6 2,60x10−6 4,62x10−6
Kr-Rn 2,40x10−6 3,99x10−6 5.15x10−6
Xe-Xe 1,51x10−5 4,22x10−6 4,90x10−6
Xe-Rn 2,31x10−6 4,23x10−6 6,19x10−6
Rn-Rn 2,77x10−6 7,34x10−6 5,94x10−6
As figuras 3.1, 3.2 e 3.3 mostram a curva de energia potencial ab initio (linha
azul cont´ınua) e ajustada (linha tracejada vermelha) de cada sistema para o conjunto de
base aug-cc-pV5Z. Atrave´s destas figuras, observa-se que cada sistema foi cuidadosamente
ajustado, de modo que o β encontrado fosse o melhor poss´ıvel para cada sistema molecular.
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Figura 3.1: Curvas de energia potencial dos sistemas He-He, He-Ne, He-Ar, He-Kr, He-Xe,
He-Rn e Ne-Ne ajustadas pela forma anal´ıtica ILJ.
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Figura 3.2: Curvas de energia potencial dos sistemas Ne-Ar, Ne-Kr, Ne-Xe, Ne-Rn, Ar-Ar,
Ar-Kr e Ar-Xe ajustadas pela forma anal´ıtica ILJ.
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Figura 3.3: Curvas de energia potencial dos sistemas Ar-Rn, Kr-Kr, Kr-Xe, Kr-Rn, Xe-Xe,
Xe-Rn e Rn-Rn ajustadas pela forma anal´ıtica ILJ.
A Tabela 3.4 mostra o paraˆmetro β ajustado para cada sistema molecular com
os treˆs conjuntos de func¸o˜es de base. De modo geral, todos os β ficaram pro´ximos de 9,
que e´ aproximadamente o valor experimental. Em particular, observa-se que o conjunto de
base aug-cc-pV5Z, gerou excelentes resultados, com todos os valores de β muito pro´ximos
de 9.
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Tabela 3.4: Valores obtidos do paraˆmetro β para cada sistema diatoˆmico.
Sistema aug-cc-pvtz aug-cc-pvqz aug-cc-pv5z
He-He 8,87 8,67 8,74
He-Ne 9,19 9,15 8,87
He-Ar 9,46 9,15 9,31
He-Kr 9,05 9,26 9,32
He-Xe 10,41 9,58 9,40
He-Rn 9,02 9,60 9,28
Ne-Ne 9,51 9,70 9,18
Ne-Ar 9,58 9,40 9,34
Ne-Kr 9,80 9,63 9,49
Ne-Xe 9,75 9,78 9,46
Ne-Rn 9,46 9,49 9,31
Ar-Ar 9,57 9,15 9,02
Ar-Kr 9,30 9,37 9,00
Ar-Xe 9,49 9,35 9,06
Ar-Rn 9,44 9,12 8,83
Kr-Kr 9,36 9,22 9,20
Kr-Xe 9,38 9,40 8,80
Kr-Rn 9,06 8,89 8,68
Xe-Xe 7,98 9,24 9,03
Xe-Rn 9,22 9,17 8,75
Rn-Rn 9,01 8,71 8,68
3.2 Energias Rovibracionais
Com os paraˆmetros β ajustados, foi poss´ıvel representar a curva de energia
potencial ILJ para cada sistema estudado. Em seguida passou-se para o ca´lculo das
energias rovibracionais utilizando o me´todo DVR, usando as massas reduzidas descritas
na tabela 3.5.
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Tabela 3.5: Valores de massa reduzida experimental em
u.a (unidades atoˆmicas) de cada sistema molecular [67].
Sistema Massa reduzida Sistema Massa reduzida
He-He 3648,1437531 Ar-Ar 36410,344938
He-Ne 6088,587421329 Ar-Kr 49312,90858526
He-Ar 6631,811472373 Ar-Xe 55823,465724
He-Kr 6963,676394771 Ar-Rn 61715,276132942
He-Xe 7080,28485261 Kr-Kr 76378,9653
He-Rn 7167,067221246 Kr-Xe 93217,86276614
Ne-Ne 18392,0183865 Kr-Rn 110896,862633094
Ne-Ar 24439,082296 Xe-Xe 119581,3872
Ne-Kr 29645,431111834 Xe-Rn 150323,14812231
Ne-Xe 31880,681102515 Rn-Rn 202340,457
Ne-Rn 33719,09275208 – –
Em todos os sistemas foram usadas 500 quadraturas gaussianas para calcu-
lar as energias rovibracionais menores do que as energias de dissociac¸a˜o de cada sistema
estudado. Ale´m disso, para cada sistema foram calculadas as energias vibracionais con-
siderando os nu´meros quaˆnticos rotacionais J=0 e J=1. Essas escolhas rotacionais sa˜o
suficientes para a determinac¸a˜o das constantes espectrosco´picas rovibracionais via equac¸a˜o
2.91.
Analisando as energias vibracionais obtidas pelas formas anal´ıticas ILJ e LJ
usando o me´todo DVR, nota-se que a energia do primeiro n´ıvel vibracional, tanto ILJ
(8.48364891 cm−1 ) como LJ (8.35558824 cm−1) da complexo He-He e´ maior que a energia
de dissociac¸a˜o, obtida via me´todo coupled cluster (De = 6,854 cm−1 ). Essas ana´lises
sa˜o extremamente importantes, pois nos revelam que o complexo He-He na˜o permanece
ligada em seu estado fundamental. Esse resultado corrobora os resultados e as concluso˜es
obtidas por Ogilvie e Wang [16]. Nesse trabalho Ogilvie e Wang refutam o resultado de
Aziz, Mccourt e Wong [69] que defende a existeˆncia do estado ligado do sistema diatoˆmico
He-He.
As energias rovibracionais, obtidas pela forma anal´ıtica ILJ, menores que a
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energia de dissociac¸a˜o para cada um dos 20 sistemas moleculares restantes, sa˜o mostradas
nas Tabelas 3.6, 3.7, 3.8, 3.9, 3.10, 3.11 e 3.12. Nessas tabelas, ale´m dos n´ıveis de
energia encontrados com cada uma das bases ultilizadas, tambe´m sa˜o mostrados, quando
dispon´ıveis, os n´ıveis de energias rovibracionais calculados via forma anal´ıtica ILJ com a
distaˆncia internuclear de equil´ıbrio e a energia de dissociac¸a˜o experimentais (ver tabelas
3.2 e 3.1), ale´m do valor 9 para o β (designados pela notac¸a˜o ILJ-Exp).
Pela Tabela 3.6, observa-se que todos os sistemas envolvendo o a´tomo de he´lio
sa˜o fracamente ligados, exceto para o sistema He-Rn, que possui 2 n´ıveis de energia vi-
bracional com o conjunto de base aug-cc-pV5Z. A` medida que a base e´ melhorada, melhor
e´ a concordaˆncia dos n´ıveis de energias ab initio com os n´ıveis de energias experimentais,
sendo os n´ıveis da base aug-cc-pV5Z os que esta˜o em melhor concordaˆncia.
Para os sistemas envolvendo o radoˆnio, na˜o ha´ como se fazer algum tipo de
comparac¸a˜o, uma vez que na˜o disponibilizamos de dados expereimentais para esses com-
plexos.
Tabela 3.6: Nı´veis de energias rovibracionais em cm−1
para os sistemas He-Ne, He-Ar, He-Kr, He-Xe, He-Rn e
Ne-Ne.
He-Ne He-Ar
υ J 3-zeta 4-zeta 5-zeta ILJ-Exp. 3-zeta 4-zeta 5-zeta ILJ-Exp.
0 0 9,2361 10,5896 11,2464 12,1630 11,1546 12,2118 12,9369 13,6719
0 1 9,8346 11,2422 11,9294 12,8753 13,0265 14,1911 14,9710 15,7771
He-Kr He-Xe
υ J 3-zeta 4-zeta 5-zeta ILJ-Exp. 3-zeta 4-zeta 5-zeta ILJ-Exp.
0 0 10,3313 11,7197 12,3803 13,0880 9,7333 10,8578 11,4179 12,1401
0 1 10,7933 12,2111 12,8842 13,6054 11,1461 12,3628 12,9628 13,7253
He-Rn Ne-Ne
υ J 3-zeta 4-zeta 5-zeta ILJ-Exp. 3-zeta 4-zeta 5-zeta ILJ-Exp.
0 0 9,2168 10,9187 11,5724 - 9,0419 10,7895 11,3635 12,3345
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1 - - 18,8303 - 17,3325 21,6648 23,5495 26,2731
0 1 9,5814 11,3049 11,9673 - 10,0185 11,8304 12,4285 13,4347
1 - - - - 17,8776 22,2868 24,2174 26,9976
Tabela 3.7: Nı´veis de energias rovibracionais em cm−1
para os sistemas Ne-Ar, Ne-Kr, Ne-Xe e Ne-Rn.
Ne-Ar Ne-Kr
υ J 3-zeta 4-zeta 5-zeta ILJ-Exp. 3-zeta 4-zeta 5-zeta ILJ-Exp.
0 9,8020 11,1755 11,8589 12,4600 8,8159 10,2900 10,8828 11,4233
1 0 23,0171 26,9410 28,8965 30,8823 21,5431 25,7692 27,5184 29,2783
2 28,9695 34,9687 37,9926 41,4056 28,4843 35,0790 37,8856 40,9193
3 30,8272 - 41,2404 45,6653 31,2531 39,3876 43,0144 47,1541
0 10,4292 11,8334 12,5306 13,1352 9,2896 10,7909 11,3935 11,9444
1 1 23,5065 27,4719 29,4455 31,4444 21,9331 26,1932 27,9550 29,7292
2 29,2767 35,3345 38,3843 41,8246 28,7684 35,4082 38,2318 41,2853
3 - - - 45,9138 - 39,6048 43,2506 47,4160
Ne-Xe Ne-Rn
υ J 3-zeta 4-zeta 5-zeta ILJ-Exp. 3-zeta 4-zeta 5-zeta ILJ-Exp.
0 8,0352 9,5739 10,0818 10,6157 7,5851 9,1524 9,7428 -
1 20,1005 24,4552 26,0298 27,7115 19,2447 23,6940 25,4345 -
2 0 27,3379 34,1129 36,7494 39,6034 26,5999 33,5558 36,3674 -
3 30,8430 39,3324 42,8907 46,8063 30,3209 39,2858 43,0116 -
4 - - 45,9606 50,4218 31,5553 41,8162 46,2123 -
0 8,1442 9,5739 10,1999 10,7370 7,6832 9,2571 9,8498 -
1 20,1927 24,4552 26,1331 27,8185 19,3288 23,7856 25,5288 -
2 1 27,4096 34,1129 36,8352 39,6937 26,6671 33,6321 36,4469 -
3 30,8952 39,3324 42,9554 46,8765 30,3674 39,3438 43,0737 -
4 - - 46,0111 50,4738 31,5804 41,8525 46,2538 -
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Tabela 3.8: Nı´veis de energias rovibracionais em cm−1
para os sistemas Ar-Ar e Ar-Kr.
Ar-Ar Ar-Kr
υ J 3-zeta 4-zeta 5-zeta ILJ-Exp. 3-zeta 4-zeta 5-zeta ILJ-Exp.
0 12,0939 13,1073 13,7624 14,6055 10,6922 12,0433 12,4656 13,1205
1 32,4391 35,5104 37,4622 39,9147 29,5114 33,4249 34,7628 36,6858
2 47,9211 53,0407 56,2543 60,2084 45,0315 51,3219 53,6491 56,7828
3 58,8857 65,9671 70,3798 75,7145 57,3866 65,8640 69,2284 73,5113
4 0 65,8555 74,7011 80,2060 86,7746 66,7626 77,2250 81,6410 87,0045
5 69,6955 79,8755 86,2931 93,9037 73,4222 85,6436 91,0822 97,4452
6 - 82,9059 89,6991 97,9290 77,7982 91,4473 97,8242 105,0854
7 - - - - 81,2575 95,2956 102,3057 110,2819
8 - - - - - - 105,8919 113,9767
,
0 12,2009 13,2181 13,8751 14,7208 10,7658 12,1205 12,5437 13,1999
1 32,5365 35,6120 37,5659 40,0212 29,5801 33,4973 34,8363 36,7607
2 48,0074 53,1319 56,3480 60,3051 45,0948 51,3891 53,7176 56,8528
3 58,9594 66,0465 70,4622 75,8003 57,4439 65,9254 69,2914 73,5760
4 1 65,9147 74,7670 80,2755 86,8478 66,8133 77,2801 81,6980 87,0634
5 69,7409 79,9264 86,3479 93,9628 73,4655 85,6917 91,1326 97,4977
6 - 82,9493 89,7429 97,9746 77,8342 91,4877 97,8673 105,1309
7 - - - - 81,2922 95,3304 102,3417 110,3199
8 - - - - - - 105,9267 114,0112
Tabela 3.9: Nı´veis de energias rovibracionais em cm−1
para os sistemas Ar-Xe e Ar-Rn
Ar-Xe Ar-Rn
υ J 3-zeta 4-zeta 5-zeta ILJ-Exp. 3-zeta 4-zeta 5-zeta ILJ-Exp.
0 10,2945 11,5444 12,0196 12,5249 9,9349 11,1181 11,5819 -
1 28,7803 32,4660 33,9230 35,4205 27,9700 31,5000 32,9199 -
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2 44,5522 50,5816 53,0512 55,5134 43,6303 49,4703 51,8762 -
3 57,7001 65,9702 69,4702 72,8660 56,9824 65,0823 68,4947 -
4 68,3395 78,7313 83,2636 87,5569 68,1101 78,4022 82,8302 -
5 76,6226 88,9942 94,5402 99,6875 77,1203 89,5138 94,9523 -
6 0 82,7506 96,9282 103,4436 109,3912 84,1518 98,5253 104,9511 -
7 86,9940 102,7518 110,1625 116,8431 89,3821 105,5766 112,9445 -
8 90,0325 106,7654 114,9415 122,2683 93,0311 110,8450 119,0848 -
9 - 109,8075 118,2729 126,0127 95,3559 114,5473 123,5632 -
10 - - - 129,1373 96,6417 116,9339 126,6075 -
11 - - - - 97,2894 118,2805 128,4749 -
12 - - - - - 118,9624 129,4539 -
-
0 10,3538 11,6065 12,0826 12,5890 9,9870 11,1726 11,6372 -
1 28,8363 32,5249 33,9830 35,4815 28,0195 31,5520 32,9728 -
2 44,6047 50,6371 53,1079 55,5712 43,6770 49,5196 51,9265 -
3 57,7487 66,0220 69,5234 72,9203 57,0261 65,1288 68,5424 -
4 68,3839 78,7791 83,3130 87,6075 68,1505 78,4457 82,8750 -
5 76,6624 89,0377 94,5854 99,7340 77,1572 89,5540 94,9939 -
6 82,7852 96,9670 103,4843 109,4334 84,1849 98,5620 104,9893 -
7 87,0232 102,7855 110,1983 116,8805 89,4110 105,6095 112,9791 -
8 90,0589 106,7938 114,9720 122,3006 93,0554 110,8738 119,1155 -
9 - 109,8341 118,2996 126,0403 95,3754 114,5716 123,5897 -
10 - - - 129,1642 96,6559 116,9534 126,6295 -
11 - - - - 97,3006 118,2949 128,4920 -
12 - - - - - 118,9736 129,4662 -
Tabela 3.10: Nı´veis de energias rovibracionais em cm−1
para os sistemas Kr-Kr e Kr-Xe
Kr-Kr Kr-Xe
υ J 3-zeta 4-zeta 5-zeta ILJ-Exp. 3-zeta 4-zeta 5-zeta ILJ-Exp.
0 9,1293 10,3538 10,8267 11,4018 8,5823 9,8290 10,0363 10,6299
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1 25,8231 29,4409 30,8383 32,5565 24,5683 28,2434 28,9294 30,6559
2 40,4868 46,4196 48,7125 51,5597 39,0192 45,0362 46,2775 49,0675
3 53,1707 61,3339 64,4918 68,4490 51,9632 60,2344 62,0998 65,8857
4 63,9363 74,2373 78,2271 83,2694 63,4332 73,8689 76,4183 81,1348
5 0 72,8616 85,1955 89,9813 96,0762 73,4684 85,9758 89,2589 94,8430
6 80,0459 94,2918 99,8327 106,9386 82,1159 96,5978 100,6527 107,0435
7 85,6159 101,6312 107,8800 115,9435 89,4332 105,7860 110,6375 117,7763
8 89,7298 107,3453 114,2466 123,2007 95,4901 113,6015 119,2593 127,0892
9 92,5824 111,5953 119,0834 128,8463 100,3710 120,1174 126,5745 135,0401
10 94,5828 114,5736 122,5696 133,0444 104,1759 125,4200 132,6519 141,6986
11 - 116,6521 124,9546 135,9892 107,0197 129,6098 137,5741 147,1474
12 - - 126,9459 138,0743 109,0497 132,8003 141,4380 151,4826
13 - - - - 110,6795 135,1205 144,3541 154,8133
14 - - - - - 136,8434 146,4630 157,2621
15 - - - - - - 148,1640 159,0621
0 9,1741 10,4009 10,8746 11,4509 8,7029 9,9561 10,1646 10,7614
1 25,8658 29,4860 30,8842 32,6036 24,6845 28,3662 29,0536 30,7833
2 40,5274 46,4626 48,7564 51,6048 39,1307 45,1545 46,3975 49,1906
3 53,2088 61,3747 64,5334 68,4919 52,0699 60,3480 62,2153 66,0043
4 63,9719 74,2756 78,2664 83,3101 63,5347 73,9776 76,5291 81,2487
5 72,8945 85,2313 90,0181 96,1145 73,5644 86,0793 89,3648 94,9520
6 80,0758 94,3248 99,8668 106,9742 82,2061 96,6958 100,7534 107,1473
7 1 85,6426 101,6612 107,9113 115,9763 89,5171 105,8782 110,7327 117,8746
8 89,7530 107,3722 114,2747 123,2305 95,5674 113,6876 119,3487 127,1818
9 92,6020 111,6187 119,1082 128,8729 100,4413 120,1969 126,6578 135,1266
10 94,6002 114,5934 122,5909 133,0676 104,2387 125,4926 132,7286 141,7787
11 - 116,6696 124,9726 136,0089 107,0746 129,6751 137,6439 147,2206
12 - - 126,9635 138,0918 109,0969 132,8579 141,5005 151,5486
13 - - - - 110,7246 135,1701 144,4089 154,8717
14 - - - - - 136,8884 146,5104 157,3127
15 - - - - - - 148,2092 159,1073
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Tabela 3.11: Nı´veis de energias rovibracionais em cm−1
para os sistemas Kr-Rn e Xe-Xe.
Kr-Rn Xe-Xe
υ J 3-zeta 4-zeta 5-zeta ILJ-Exp. 3-zeta 4-zeta 5-zeta ILJ-Exp.
0 7,9732 9,1053 9,4631 - 7,5319 9,9688 9,5404 10,0226
1 22,9899 26,3552 27,4367 - 21,8785 28,8653 27,7447 29,1695
2 36,7905 42,3462 44,1600 - 35,2796 46,4001 44,7998 47,1385
3 49,3915 57,0921 59,6450 - 47,7411 62,5901 60,7169 63,9406
4 60,8115 70,6090 73,9055 - 59,2697 77,4541 75,5086 79,5882
5 71,0722 82,9150 86,9570 - 69,8734 91,0138 89,1891 94,0950
6 80,1994 94,0314 98,8179 - 79,5617 103,2936 101,7742 107,4767
7 88,2236 103,9831 109,5096 - 88,3461 114,3221 113,2820 119,7507
8 95,1817 112,7997 119,0575 - 96,2407 124,1323 123,7333 130,9372
9 101,1178 120,5166 127,4922 - 103,2632 132,7630 133,1521 141,0594
10 0 106,0851 127,1760 134,8501 - 109,4353 140,2596 141,5660 150,1440
11 110,1463 132,8280 141,1751 - 114,7843 146,6748 149,0073 158,2220
12 113,3743 137,5316 146,5189 - 119,3439 152,0699 155,5132 165,3292
13 115,8515 141,3549 150,9424 - 123,1549 156,5144 161,1265 171,5066
14 117,6681 144,3746 154,5151 - 126,2665 160,0860 165,8962 176,8014
15 118,9207 146,6755 157,3151 - 128,7362 162,8697 169,8769 181,2663
16 119,7103 148,3481 159,4274 - 130,6651 164,9573 173,1292 184,9600
17 120,1433 149,4879 160,9427 - 132,4093 166,4926 175,7190 187,9465
18 - 150,1942 161,9560 - - 167,9029 177,7368 190,2960
19 - 150,5741 162,5658 - - - 179,4808 192,1440
20 - - 162,8882 - - - 181,4365 193,9125
0 8,0008 9,1343 9,4925 - 7,5558 9,9991 9,5665 10,0494
1 23,0166 26,3834 27,4653 - 21,9018 28,8948 27,7702 29,1958
2 36,8163 42,3735 44,1878 - 35,3023 46,4287 44,8246 47,1640
3 49,4164 57,1186 59,6719 - 47,7631 62,6178 60,7410 63,9654
4 60,8354 70,6345 73,9315 - 59,2910 77,4809 75,5320 79,6123
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5 71,0951 82,9396 86,9821 - 69,8940 91,0396 89,2118 94,1184
6 80,2212 94,0549 98,8420 - 79,5815 103,3183 101,7962 107,4993
7 88,2443 104,0055 109,5327 - 88,3650 114,3457 113,3032 119,7725
8 95,2011 112,8211 119,0795 - 96,2588 124,1548 123,7537 130,9582
9 101,1359 120,5368 127,5131 - 103,2804 132,7844 133,1715 141,0796
10 1 106,1018 127,1950 134,8698 - 109,4516 140,2797 141,5845 150,1633
11 110,1616 132,8457 141,1935 - 114,7996 146,6937 149,0249 158,2404
12 113,3881 137,5479 146,5360 - 119,3581 152,0874 155,5298 165,3466
13 115,8637 141,3697 150,9581 - 123,1681 156,5304 161,1421 171,5230
14 117,6787 144,3879 154,5294 - 126,2784 160,1005 165,9107 176,8167
15 118,9295 146,6872 157,3279 - 128,7470 162,8827 169,8903 181,2805
16 119,7172 148,3581 159,4386 - 130,6749 164,9685 173,1415 184,9731
17 120,1483 149,4962 160,9522 - 132,4189 166,5026 175,7300 187,9583
18 - 150,2007 161,9637 - - 167,9129 177,7467 190,3066
19 - 150,5789 162,5717 - - - 179,4904 192,1536
20 - - 162,8927 - - - 181,4466 193,9223
Tabela 3.12: Nı´veis de energias rovibracionais em cm−1
para os sistemas Xe-Rn e Rn-Rn.
Xe-Rn Rn-Rn
υ J 3-zeta 4-zeta 5-zeta ILJ-Exp. 3-zeta 4-zeta 5-zeta ILJ-Exp.
0 7,3969 8,5520 8,7993 - 6,6189 7,6320 7,9807 -
1 21,5395 24,9728 25,7357 - 19,3930 22,4229 23,4621 -
2 34,8289 40,4974 41,8015 - 31,5581 36,5910 38,3115 -
3 47,2735 55,1337 57,0027 - 43,1185 50,1399 52,5322 -
4 58,8828 68,8903 71,3460 - 54,0788 63,0732 66,1279 -
5 69,6671 81,7765 84,8387 - 64,4442 75,3949 79,1022 -
6 79,6381 93,8027 97,4889 - 74,2201 87,1091 91,4594 -
7 88,8087 104,9804 109,3054 - 83,4126 98,2207 103,2038 -
8 97,1938 115,3223 120,2983 - 92,0284 108,7345 114,3404 -
9 104,8100 124,8429 130,4791 - 100,0748 118,6563 124,8743 -
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10 111,6765 133,5584 139,8604 - 107,5600 127,9922 134,8116 -
11 117,8153 141,4871 148,4570 - 114,4931 136,7489 144,1587 -
12 123,2511 148,6496 156,2856 - 120,8844 144,9341 152,9226 -
13 128,0126 155,0695 163,3651 - 126,7453 152,5562 161,1114 -
14 132,1318 160,7730 169,7174 - 132,0886 159,6245 168,7338 -
15 135,6447 165,7900 175,3673 - 136,9287 166,1497 175,7998 -
16 138,5911 170,1533 180,3427 - 141,2816 172,1434 182,3203 -
17 0 141,0141 173,8993 184,6751 - 145,1652 177,6189 188,3076 -
18 142,9598 177,0677 188,3992 - 148,5991 182,5907 193,7754 -
19 144,4769 179,7008 191,5531 - 151,6049 187,0750 198,7387 -
20 145,6161 181,8436 194,1780 - 154,2060 191,0898 203,2144 -
21 146,4294 183,5433 196,3176 - 156,4276 194,6545 207,2206 -
22 146,9704 184,8485 198,0178 - 158,2961 197,7905 210,7774 -
23 147,2976 185,8094 199,3263 - 159,8396 200,5206 213,9063 -
24 - 186,4774 200,2924 - 161,0870 202,8690 216,6305 -
25 - 186,9052 200,9665 - 162,0682 204,8615 218,9743 -
26 - 187,1683 201,4008 - 162,8141 206,5247 220,9635 -
27 - - 201,6688 - 163,3559 207,8866 222,6249 -
28 - - - - 163,7259 208,9755 223,9860 -
29 - - - - 163,9658 209,8209 225,0753 -
30 - - - - - 210,9015 226,5558 -
32 - - - - - 211,1998 227,0070 -
33 - - - - - 211,4158 227,3079 -
34 - - - - - - 227,5256 -
0 7,4159 8,5721 8,8196 - 6,6327 7,6466 7,9955 -
1 21,5581 24,9924 25,7557 - 19,4066 22,4372 23,4767 -
2 34,8470 40,5166 41,8210 - 31,5715 36,6052 38,3259 -
3 47,2912 55,1525 57,0218 - 43,1316 50,1538 52,5464 -
4 58,8999 68,9086 71,3647 - 54,0916 63,0869 66,1418 -
5 69,6838 81,7943 84,8569 - 64,4567 75,4082 79,1158 -
6 79,6542 93,8200 97,5066 - 74,2323 87,1222 91,4727 -
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7 88,8243 104,9972 109,3226 - 83,4245 98,2335 103,2169 -
8 97,2088 115,3386 120,3151 - 92,0400 108,7471 114,3532 -
9 104,8245 124,8587 130,4953 - 100,0861 118,6686 124,8869 -
10 111,6904 133,5736 139,8761 - 107,5709 128,0041 134,8239 -
11 117,8285 141,5017 148,4721 - 114,5037 136,7605 144,1706 -
12 123,2637 148,6636 156,3001 - 120,8947 144,9454 152,9342 -
13 128,0244 155,0828 163,3790 - 126,7552 152,5671 161,1226 -
14 132,1429 160,7857 169,7307 - 132,0981 159,6351 168,7447 -
15 135,6551 165,8020 175,3799 - 136,9378 166,1600 175,8104 -
16 138,6007 170,1646 180,3547 - 141,2903 172,1533 182,3306 -
17 1 141,0229 173,9099 184,6863 - 145,1735 177,6284 188,3175 -
18 142,9678 177,0775 188,4097 - 148,6070 182,5998 193,7849 -
19 144,4840 179,7098 191,5629 - 151,6123 187,0838 198,7479 -
20 145,6222 181,8519 194,1870 - 154,2130 191,0981 203,2231 -
21 146,4346 183,5507 196,3258 - 156,4341 194,6625 207,2289 -
22 146,9747 184,8550 198,0251 - 158,3021 197,7980 210,7853 -
23 147,3009 185,8151 199,3328 - 159,8451 200,5276 213,9138 -
24 - 186,4821 200,2979 - 161,0919 202,8756 216,6375 -
25 - 186,9089 200,9712 - 162,0727 204,8676 218,9809 -
26 - 187,1713 201,4045 - 162,8180 206,5304 220,9696 -
27 - - 201,6719 - 163,3593 207,8917 222,6305 -
28 - - - - 163,7286 208,9801 223,9911 -
29 - - - - 163,9681 209,8250 225,0799 -
30 - - - - - 210,4563 225,9261 -
31 - - - - - 210,9045 226,5594 -
32 - - - - - 211,2022 227,0100 -
33 - - - - - 211,4180 227,3103 -
34 - - - - - - 227,5278 -
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3.3 Constantes Espectrosco´picas Rovibracionais
Para o ca´lculo das constantes espectrosco´picas rovibracionais via equac¸a˜o 2.91,
como ja´ mencionado antes, utilizaram-se as massas reduzidas dadas na Tabela 3.5. Em
todos os sistemas foram usadas 500 quadraturas gaussianas e calculadas todas as ener-
gias vibracionais menores do que as energias de dissociac¸a˜o de cada sistema estudado.
Ale´m disto, para cada sistema foram calculadas as energias vibracionais considerando os
nu´meros quaˆnticos rotacionais J=0 e J=1. Essas escolhas rotacionais sa˜o suficientes para
a determinac¸a˜o das constantes espectrosco´picas rovibracionais via equac¸a˜o 2.91. As cons-
tantes espectrosco´picas determinadas usando a equac¸a˜o 2.91 e o me´todo Dunham para as
sistemas diatoˆmicos homonucleares esta˜o apresentadas na Tabela 3.13, para os sistemas
diatoˆmicos heteronucleares sa˜o mostrados na Tabela 3.14 e para os sistemas envolvendo
o radoˆnio esta˜o dispon´ıveis na Tabela 3.15.
Para facilitar a comparac¸a˜o dos valores apresentados nestas tabelas utilizamos
a seguinte notac¸a˜o:
1. ILJ-Exp - Ca´lculo das constantes espectrosco´picas rovibracionais (via me´todo de
Dunham) usando a forma anal´ıtica ILJ e os paraˆmetros Re, De e β experimental
igual a 9.
2. ILJ-DVR- Ca´lculo das constantes espectrosco´picas rovibracionais (via equac¸a˜o 2.91)
usando a forma anal´ıtica ILJ e os paraˆmetrosRe eDe ab initio (com o n´ıvel de ca´lculo
CCSD(T)/aug − cc− pV 5Z) e o paraˆmetro β ajustado.
3. ILJ-DVR (β = 9) - Ca´lculo das constantes espectrosco´picas rovibracionais (via
equac¸a˜o 2.91) usando a forma anal´ıtica ILJ e os paraˆmetros Re, De ab initio (com
n´ıvel de ca´lculo CCSD(T)/aug − cc− pV 5Z) e o paraˆmetro β experimental igual a
9.
4. ILJ-Dunham - Ca´lculo das constantes espectrosco´picas rovibracionais (via me´todo
de Dunham) usando a forma anal´ıtica ILJ e os paraˆmetros Re e De ab initio (com
o n´ıvel de ca´lculo CCSD(T)/aug − cc− pV 5Z) e o paraˆmetro β ajustado.
5. ILJ-Dunham (β = 9) - Ca´lculo das constantes espectrosco´picas rovibracionais (via
me´todo de Dunham) usando a forma anal´ıtica ILJ e os paraˆmetros Re De ab initio
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(com n´ıvel de ca´lculo CCSD(T)/aug − cc − pV 5Z) e o paraˆmetro β experimental
igual a 9.
6. LJ-Dunham - Ca´lculo das constantes espectrosco´picas rovibracionais (via me´todo
de Dunham) usando a forma anal´ıtica LJ e os paraˆmetros Re e De ab initio (com o
n´ıvel de ca´lculo CCSD(T)/aug − cc− pV 5Z).
7. LJ-DVR - Ca´lculo das constantes espectrosco´picas rovibracionais (via equac¸a˜o 2.91)
usando a forma anal´ıtica LJ e os paraˆmetros Re e De ab initio (com o n´ıvel de ca´lculo
CCSD(T)/aug − cc− pV 5Z).
Tabela 3.13: Constantes espectrosco´picas rovibracionais
cm−1 obtidas para os sistemas homonucleares.
Sistema Me´todo ωe ωexe ωeye αe γe
Exp. [16] 28,5 – – – –
ILJ-Exp. 28,350 7,748 0,185 3,6x10−2 4,0x10−3
Teo. [68] 25,8 – – – –
Ne-Ne Dunham-ILJ 26,381 7,727 2,1x10−1 3,8x10−2 5,0x10−3
Dunham-ILJ(β = 9) 26,200 7,581 0,191 3,8x10−2 5,0x10−3
Dunham- LJ 25,172 7,847 6,22x10−1 4,17x10−2 4,03 x10−3
Exp. [16] 30,9 – – – –
ILJ-Exp. 30,543 2,678 3,8x10−2 3,0x10−3 2,0x10−4
Teo. [68] 27,9 – – – –
DVR- ILJ 28,83 2,634 4,0x10−2 3,9x10−3 2,59x10−4
DVR- ILJ(β = 9) 28,816 2,628 3,98 x10−2 3,97 x10−3 2,59 x10−4
Ar-Ar Dunham-ILJ 28,771 2,575 2,0x10−2 4,0x10−3 1,8x10−4
Dunham-ILJ(β = 9) 28,749 2,570 2,0x10−2 4,0x10−3 1,0x10−4
DVR- LJ 27,645 2,687 7,66 x10−2 4,42x10−3 1,60x10−4
Dunham- LJ 27,621 2,662 6,65x10−2 4,45x10−3 1,35 x10−4
Exp. [16] 23,6 – – – –
ILJ-Exp. 23,337 1,099 4,0x10−3 9,0x10−4 2,15x10−5
Teo. [68] 21,8 – – – –
DVR- ILJ 22.189 1,100 7,06x10−3 9,27x10−4 2,76 x10−5
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DVR- ILJ(β = 9) 22,020 1,077 6,38 x10−3 9,21 x10−4 2,72 x10−5
Kr-Kr Dunham-ILJ 22,184 1,095 5,2x10−4 9,3x10−4 2,2x10−5
Dunham-ILJ(β = 9) 22,015 1,072 4,0x10−3 9,0x10−4 2.24x10−5
DVR- LJ 21,153 1,113 1,63x10−2 1,01x10−3 1,84x10−5
Dunham- LJ 21,151 1,110 1,51x10−2 1,01 x10−3 1,67x10−5
Exp. [16] 20,9 – – – –
ILJ-Exp. 20,335 0,596 0,001 0,0003 4.52x10−6
Teo. [68] 18,5 – – – –
DVR- ILJ 19.364 0,583 1,89x10−3 3,09x10−4 5,20x10−6
DVR- ILJ(β = 9) 19,342 0,581 1,86 x10−3 3,08 x10−4 5,18 x10−6
Xe-Xe Dunham-ILJ 19,363 0,582 1,5x10−3 3,0x10−4 4,6x10−6
Dunham-ILJ(β = 9) 19,341 0,580 0,001 0,0003 4,61 x10−5
DVR- LJ 18,582 0,601 5,29x10−3 3,37x10−4 3,64x10−6
Dunham- LJ 18,582 0,601 5,05x10−3 3,38x10−4 3,44x10−6
As constantes espectrosco´picas rovibracionais do sistema Ne-Ne (Tabela 3.13)
foram obtidas somente com o me´todo de Dunham. Isso se deve ao fato de a curva de
energia potencial deste sistema na˜o comportar o mı´nimo de quatro n´ıveis de energias
vibracionais (ν=0, 1, 2, e 3) necessa´rios para se usar as equac¸o˜es 2.91. A mesma justifica-
tiva e´ dada para justificar os ca´lculos somente com o me´todo de Dunham das constantes
espectrosco´picas rovibracionais dos sistemas He-Ne, He-Ar, He-Kr, He-Xe e He-Rn.
Na Tabela 3.13, e´ apresentada a frequeˆncia vibracional ωe dos sistemas ho-
monucleares. Como refereˆncia, optou-se por utilizar as constantes espectrosco´picas expe-
rimentais relatadas por Ogilvie e Wang [16] com base em um reexame de dados espec-
trosco´picos dispon´ıveis, como tambe´m sa˜o apresentados os resultados obtidos por Goll,
Werner e Stoll [68]. Esses autores realizaram ca´lculos CCSD(T) com os conjuntos de
func¸o˜es de base aug − cc− pV TZ, aug − cc− pV QZ para todos os complexos formados
pelos a´tomos de He, Ne, Ar, Kr e Xe.
Pela Tabela 3.13, pode-se observar que a frequeˆncia vibracional ωe de cada
sistema, obtida via potencial ILJ (com os paraˆmetros De, Re e β experimentais) concorda
muito bem com as medidas diretas experimentais dispon´ıveis na literatura. Este fato
reforc¸a a confiabilidade da forma anal´ıtica ILJ.
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Pode-se observar pela Tabela 3.13 que os resultados de ωe para o sistema Xe-
Xe encontrados utilizando as formas anal´ıtica ILJ e LJ concordam mais com os dados
experimentais do que os relatados por Goll, Werner e Stoll [68]. No entanto, para os
demais sistemas homonucleares os resultados de Goll, Werner e Stoll sa˜o mais pro´ximos
dos experimentais do que os resultados encontrados via LJ. Pore´m os resultados da forma
anal´ıtica ILJ sa˜o melhores do que ambos. Este fato reforc¸a a confiabilidade desta forma
anal´ıtica, uma vez que geralmente ela consegue se aproximar cerca de 1cm−1 a mais dos
valores experimentais em comparac¸a˜o com o potencial LJ.
A Tabela 3.14 mostra todas as constantes espectrosco´picas obtidas via me´todos
de Dunham e equac¸a˜o 2.91 para as duas formas anal´ıticas, ILJ e LJ. Pode-se verificar o
mesmo padra˜o que foi observado com os sistemas homonucleares, ou seja, os resultados de
ωe do ILJ concordam mais com os dados experimentais do que os dados te´oricos relatados
na literatura, e que os resultados do LJ. Esse fato pode ser entendido atrave´s das curvas
de energia potencial mostradas nas Figuras 3.3, 3.3 e 3.3. Atrave´s destas figuras e´ poss´ıvel
notar que as CEP IJ sa˜o mais anarmoˆnicas que as CEP ILJ. Essa caracter´ıstica faz com
que os n´ıveis de energias vibracionais da CEP ILJ sejam mais pro´ximos um do outro do
que os da CEP LJ. Essa diferenc¸a faz com que as constantes espectrosco´picas ILJ sejam
um pouco maiores que as LJ.
Tabela 3.14: Constantes espectrosco´picas rovibracionais
cm−1 obtidas para os sistemas heteronucleares.
Sistema Me´todo ωe ωexe ωeye αe γe
Exp. [17] 35,0 – – – –
ILJ-Exp. 35,578 25,793 1,466 2,91x10−1 9,80x10−2
Teo. [68] 32,2 – – – –
He-Ne Dunham-ILJ 33,443 25,238 1,404 3,05x10−1 1,04x10−1
Dunham-ILJ(β = 9) 33,612 25,606 1,512 3,07x10−1 1,05x10−1
Dunham- LJ 32,293 26,427 4,907 3,34x10−1 7,90x10−2
Exp. [17] 34,8 – – – –
ILJ-Exp. 35,311 17,367 0,715 1,42x10−1 3,30x10−2
Teo. [68] 32,4 – – – –
He-Ar Dunham-ILJ 33,908 17,691 0,858 1,47x10−1 3,62x10−2
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Dunham-ILJ(β = 9) 33,510 17,112 0,728 1,46x10−1 3,54x10−2
Dunham- LJ 32,196 17,693 2,365 1,59x10−1 2,64x10−2
Exp. [17] 32,0 – – – –
ILJ-Exp. 32,907 14,544 0,545 1,08x10−1 2,30x10−2
Teo. [68] 30,4 – – – –
He-Kr Dunham-ILJ 31,600 14,924 0,665 1,13x10−1 2,54x10−2
Dunham-ILJ(β = 9) 31,218 14,422 0,562 1,12x10−1 2,48x10−2
Dunham- LJ 29,993 14,916 1,825 1,22x10−1 1,85x10−2
Exp. [17] 29,1 – – – –
ILJ-Exp. 29,971 12,230 0,426 8,40x10−2 1,60x10−2
Teo. [68] 27,2 – – – –
He-Xe Dunham-ILJ 28,675 12,691 0,548 9,00x10−2 1,90x10−2
Dunham-ILJ(β = 9) 28,244 12,163 0,445 8,90x10−2 1,80x10−2
Dunham- LJ 27,136 12,582 1,445 9,37x10−2 1,37x10−2
Exp. [17] 28,2 – – – –
ILJ-Exp. 27,072 4,475 0,065 1,30x10−2 1,00x10−3
Teo. [68] 25,1 – – – –
DVR- ILJ 26,98 5,540 0,348 4,40x10−2 8,66x10−3
DVR- ILJ(β = 9) 26,626 5,350 0,322 4,33 x10−2 8,64 x10−3
Ne-Ar Dunham-ILJ 25,938 4,640 0,830 1,39x10−2 1,22x10−3
Dunham-ILJ(β = 9) 25,606 4,477 0,069 1,30x10−2 1,19x10−3
DVR- LJ 24,837 4,853 0,304 5,21x10 −2 4,57x10 −2
Dunham- LJ 24,601 4,636 0,225 1,50x10−2 8,90x10−4
Exp. [17] 26,2 – – – –
ILJ-Exp. 24,490 3,408 0,042 8,00x10−3 5,00x10−3
Teo. [68] 22,6 – – – –
DVR- ILJ 23,891 3,906 0,171 2,89x10−2 4,07x10−3
DVR- ILJ(β = 9) 23,432 3,702 0,148 2,84 x10−2 4,02 x10−3
Ne-Kr Dunham-ILJ 23,457 3,530 0,055 8,75x10−3 6,45x10−4
Dunham-ILJ(β = 9) 23,027 3,354 0,043 8,64x10−3 6,22x10−4
DVR- LJ 22,226 3,571 0,178 3,30 x10−2 2,23 x10−3
Dunham- LJ 22,124 3,473 0,141 9,43x10−3 4,65 x10−4
59
Exp. [17] 24,3 – – – –
ILJ-Exp. 22,588 2,811 0,031 6,00x10−3 3,00x10−4
Teo. [68] 20,4 – – – –
DVR- ILJ 21,799 3,101 0,108 6,02x10−3 6,94 x10−4
DVR- ILJ(β = 9) 21,407 2,946 0,092 5,93 x10−3 6,84 x10−4
Ne-Xe Dunham-ILJ 21,451 2,847 0,037 6,37x10−3 4,15x10−4
Dunham-ILJ(β = 9) 21,176 2,748 0,031 6,31 x10−3 4,05 x10−4
DVR- LJ 20,410 2,908 0,127 6,78x10−3 3,90x10−4
Dunham- LJ 20,345 2,846 0,103 6,89x10−3 3,02x10−4
Exp. [17] 27,9 – – – –
ILJ-Exp. 27,109 1,791 0,010 2,00x10−3 6,89x10−5
Teo. [68] 25,2 – – – –
DVR- ILJ 25,807 1,783 0,017 2,11x10−3 9,57x10−5
DVR- ILJ(β = 9) 25,807 1,783 0,017 2,11 x10−3 9,57 x10−5
Ar-Kr Dunham-ILJ 25,786 1,764 0,010 2,14x10−3 7,27x10−5
Dunham-ILJ(β = 9) 25,786 1,764 0,010 2,14x10−3 7,27x10−5
DVR- LJ 24,783 1,837 0,038 2,33x10−3 6,20x10−5
Dunham- LJ 24,774 1,827 0,035 2,34x10−3 5,43 x10−5
Exp. [17] 27,1 – – – –
ILJ-Exp. 25,716 1,439 0,007 1,00x10−3 3,97x10−5
Teo. [68] 23,7 – – – –
DVR- ILJ 24,741 1,437 0,011 1,43x10−3 5,21x10−5
DVR- ILJ(β = 9) 24,684 1,427 0,010 1,43 x10−3 5,19 x10−5
Ar-Xe Dunham-ILJ 24,731 1,427 0,007 1,45x10−3 4,14x10−5
Dunham-ILJ(β = 9) 24,674 1,418 0,007 1,44x10−3 4,12 x10−5
DVR- LJ 23,710 1,474 0,025 1,57x10−3 3,44x10−5
Dunham- LJ 23,706 1,469 0,023 1,58x10−3 3,08 x10−5
Exp. [17] 22,7 – – – –
ILJ-Exp. 21,658 0,821 2,00x10−3 5,00x10−4 1,04x10−5
Teo. [68] 20,1 – – – –
DVR- ILJ 20,456 0,786 3,17x10−3 1,96x10−3 4,39 x10−5
DVR- ILJ(β = 9) 20,615 0,803 3,00x10−3 1,97 x10−3 4,45 x10−5
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Kr-Xe Dunham-ILJ 20,454 0,784 2,48x10−3 5,51x10−4 1,05x10−5
Dunham-ILJ(β = 9) 20,613 0,801 2,79x10−3 5,55x10−4 1,06x10−5
DVR- LJ 19,805 0,831 9,60x10−3 7,38x10−4 1,05x10−5
Dunham- LJ 19,804 0,830 9,05x10−3 6,05 x10−4 7,99x10−6
Tabela 3.15: Constantes espectrosco´picas rovibracionais
cm−1 obtidas para os sistemas envolvendo o radoˆnio.
Sistema Me´todo ωe ωexe ωeye αe γe
He-Rn Dunham-ILJ 27,396 11,654 0,467 0,081 0,016
Dunham-ILJ(β = 9) 27,105 11,311 0,402 0,080 0,016
Dunham- LJ 26,042 11,701 1,306 0,087 0,012
DVR- ILJ 20,900 2,731 0,078 0,005 0,0005
DVR- ILJ (β = 9) 20,656 2,638 0,069 0,005 0,0005
Ne-Rn Dunham-ILJ 20,622 2,564 0,031 0,005 0,0003
Dunham-ILJ(β = 9) 20,380 2,482 0,026 0,005 0,0003
DVR- LJ 19,728 2,631 0,104 0,005 0,0002
Dunham- LJ 19,581 2,571 0,087 0,005 0,0002
DVR- ILJ 23,762 1,223 0,007 0,001 3,57x10−5
DVR- ILJ (β = 9) 23,919 1,246 0,008 0,001 3,61 x10−5
Ar-Rn Dunham-ILJ 23,755 1,218 0,005 0,001 2,90x10−5
Dunham-ILJ(β = 9) 23,912 1,240 0,005 0,001 2,94x10−5
DVR- LJ 22,977 1,288 0,020 0,001 2,43x10−5
Dunham- LJ 22,974 1,284 0,018 0,001 2.19x10−5
DVR- ILJ 19,235 0,634 0,002 0,0003 7,29x10−6
DVR- ILJ (β = 9) 19,476 0,656 0,002 0,0003 7,45 x10−6
Kr-Rn Dunham-ILJ 19,234 0,633 0,001 0,0003 6,38x10−6
Dunham-ILJ(β = 9) 19,475 0,655 0,001 0,0003 6,54x10−6
DVR- LJ 18,712 0,679 0,006 0,0004 5,21x10−6
Dunham- LJ 18,711 0,678 0,006 0,0004 4,89x10−6
DVR- ILJ 17,812 0,439 0,001 0,0001 2,72x10−6
DVR- ILJ (β = 9) 17,986 0,451 0,001 0,0002 2,76 x10−6
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Xe-Rn Dunham-ILJ 17,812 0,439 0,0008 0,0001 2,46x10−6
Dunham-ILJ(β = 9) 17,986 0,451 0,0002 0,0002 2,50x10−6
DVR- LJ 17,280 0,467 0,003 0.0002 1,96x10−6
Dunham- LJ 17,280 0,467 0,003 0,0002 1.87x10−6
DVR- ILJ 16,116 0,318 0,0005 0,0001 1.25x10−6
DVR- ILJ (β = 9) 16.318 0,329 0,0006 0,0001 1,28 x10−6
Rn-Rn Dunham-ILJ 16,116 0,318 0,0004 0,0001 1,15x10−6
Dunham-ILJ(β = 9) 16,318 0,329 0,0005 0,0001 1,18x10−6
DVR- LJ 15,678 0,341 0,001 0,0001 9,166x10−7
Dunham- LJ 15,678 0,341 0,001 0,0001 8.85x10−7
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Figura 3.4: Curvas de energia potencial obtidas para os sistemas diatoˆmicos He-He, He-
Ne, He-Ar, He-Kr, He-Xe, He-Rn e Ne-Ne usando as formas anal´ıticas LJ (Re e De ab
initio) e ILJ (Re e De ab initio com beta ajustado).
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Figura 3.5: Curvas de energia potencial obtidas para os sistemas diatoˆmicos Ne-Ar, Ne-
Kr, Ne-Xe, Ne-Rn, Ar-Ar, Ar-Kr e Ar-Xe usando as formas anal´ıticas LJ (Re e De ab
initio) e ILJ (Re e De ab initio com beta ajustado).
64






































































































Figura 3.6: Curvas de energia potencial obtidas para os sistemas diatoˆmicos Ar-Rn, Kr-
Kr, Kr-Xe, Kr-Rn, Xe-Xe, Xe-Rn e Rn-Rn usando as formas anal´ıticas LJ (Re e De ab
initio) e ILJ (Re e De ab initio com beta ajustado).
3.4 Tempo de Vida
O tempo de vida para a decomposic¸a˜o dos complexos aqui estudados foi cal-
culado utilizando a teoria de Slater [70, 71], que consiste em uma formulac¸a˜o puramente
dinaˆmica, com uma ana´lise vibracional completa dos complexos. A decomposic¸a˜o unimo-
lecular (ou primeira ordem) do complexo deve ocorrer quando a interac¸a˜o da coordenada
atinge a energia de dissociac¸a˜o. Se um complexo adquire o limiar de energia, a frequeˆncia
de uma decomposic¸a˜o e´ simplesmente a frequeˆncia da pro´pria vibrac¸a˜o e a constante de
taxa para este processo e´ dada por:




sendo ωe a frequ¨eˆncia de vibrac¸a˜o de cada complexo obtida pela equac¸a˜o 2.91, R e´ a
constante universal dos gases ideais e T e´ a temperatura absoluta. Desta forma, o tempo










O comportamento cine´tico da teoria de Slater e´ aplica´vel em regio˜es de pressa˜o
baixa e intermedia´ria e, na regia˜o de pressa˜o alta, as taxas calculadas sa˜o muito menores
que os valores experimentais.
Em geral, um sistema e´ considerado esta´vel, para tempos de vida maiores
que 1 pico segundo (ps) [72]. De posse da energia de dissociac¸a˜o (De), da frequ¨eˆncia de
vibrac¸a˜o (ωe) e do primeiro n´ıvel de energia vibracional (E0,0), todos obtidos com o n´ıvel
de ca´lculo CCSD(T) e o conjunto de base aug-cc-pV5Z, calculou-se o tempo de vida para
os 21 complexos estudados (conforme Figuras 3.7, 3.8 e 3.9), exceto para o sistema He-He,
para a faixa de temperatura considerada entre 200 e 500 K.
Como mencionado antes, o primeiro n´ıvel vibracional, tanto obtido usando o
ILJ (8.48364891 cm−1 ) como o LJ (8.35558824 cm−1) do complexo He-He e´ maior que
a energia de dissociac¸a˜o, obtida via n´ıvel de ca´lculo CCSD(T)/aug − cc − pV 5Z (De =
6,854 cm−1 ). Desta forma, na˜o se pode calcular o tempo de vida desse sistema.
E´ poss´ıvel notar a partir das Figuras 3.7, 3.8 e 3.9 que o tempo de vida encon-
trados com a forma anal´ıtica ILJ (com Re e De ab initio, com o β ajustado) ficaram mais
pro´ximos dos resultados ILJ-Exp (com Re, De e β experimentais) do que os resultados
usando a forma anl´ıtica LJ (com Re e De ab initio). Na Figura 3.7, observa-se que os
sistemas He-Ne e He-Ar sa˜o esta´veis de pelas formas anal´ıtica ILJ e LJ, no entanto, os
resultados da ILJ experimental garantem que esses sistemas sa˜o insta´veis. Os demais
sistemas da Figura 3.7 demonstram ser todos esta´veis.
Todos os sistemas mostrados nas figuras 3.8 e 3.9 sa˜o esta´veis. De acordo com
a equac¸a˜o 3.3, o tempo de vida e´ inversamente proporcional a` frequeˆncia de vibrac¸a˜o
(ωe). Pelas Tabelas 3.13 e 3.14, e´ poss´ıvel notar que a` medida que os sistemas ficam
mais pesados menor e´ a ωe. Por outro lado, o primeiro n´ıvel de energia vibracional (E0,0)
tende a diminuir para sistemas mais pesados, enquanto que a energia de dissociac¸a˜o (De)
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sempre aumenta. Desta forma, percebe-se um aumento no tempo de vida desses sistemas,
a` medida que va˜o sendo formados os complexos mais pesados. Assim, como ja´ era de se
esperar, o sistema com maior tempo de vida e´ o Rn-Rn.







































































Figura 3.7: Tempo de vida dos sistemas diatoˆmicos He-Ne, He-Ar, He-Kr, He-Xe, He-Rn
e Ne-Ne usando as formas anal´ıticas ILJ-Exp (com Re, De e β experimentais), ILJ (Re e
De ab initio com beta ajustado) e LJ (Re e De ab initio).
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Figura 3.8: Tempo de vida dos sistemas diatoˆmicos Ne-Ar, Ne-Kr, Ne-Xe, Ne-Rn, Ar-Ar,
Ar-Kr e Ar-Xe usando as formas anal´ıticas ILJ-Exp (com Re, De e β experimentais), ILJ
(Re e De ab initio com beta ajustado) e LJ (Re e De ab initio).
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Figura 3.9: Tempo de vida dos sistemas diatoˆmicos Ar-Rn, Kr-Kr, Kr-Xe, Kr-Rn, Xe-Xe,
Xe-Rn e Rn-Rn usando as formas anal´ıticas ILJ-Exp (com Re, De e β experimentais), ILJ
(Re e De ab initio com beta ajustado) e LJ (Re e De ab initio).
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4 Concluso˜es e Perspectivas
Nesse trabalho foram calculadas as energias eletroˆnicas do estado fundamental
dos sistemas He-He, He-Ne, He-Ar, He-Kr, He-Xe,He-Rn, Ne-Ne, Ne-Ar, Ne-Kr, Ne-Xe,
Ne-Rn, Ar-Ar, Ar-Kr, Ar-Xe, Ar-Rn, Kr-Kr, Kr-Xe, Kr-Rn, Xe-Xe, Xe-Rn e Rn-Rn, para
va´rias configurac¸o˜es internucleares que va˜o desde a regia˜o de forte interac¸a˜o ate´ a regia˜o
assinto´tica. Esses ca´lculos foram realizados via me´todo CCSD(T) com treˆs conjuntos
de funco˜es de base; aug-cc-pVTZ, aug-cc-pVQZ e aug-cc-pV5Z. Para todos os sistemas
moleculares estudados, os resultados obtidos para as energias de dissociac¸a˜o e distaˆncias
de equil´ıbrio que mais se aproximaram dos dados experimentais foram alcanc¸ados usando
a base mais extensa aug − cc− pV 5Z com a correc¸a˜o de BSSE.
De posse dessas energias eletroˆnicas, da distaˆncia internuclear de equilibrio e
da energia de dissociac¸a˜o, ajustou-se cuidadosamente esses dados via me´todo de Powell
para a forma anal´ıtica ILJ a fim de obtermos o paraˆmetro β caracter´ıstco de cada sistema
molecular. Foram ajustados os dados para os treˆs conjuntos de func¸o˜es de bases, e os
melhores resultados foram obtidos pelo conjunto de base aug-cc-pV5Z com a correc¸a˜o
BSSE, resultando em valores de β muito pro´ximo do valor experimental que e´ 9.
Para determinar as constantes espectrosco´picas rovibracionais utilizaram-se
dois me´todos diferentes: equac¸a˜o 2.91 e Dunham. Em particular, obtiveram-se excelen-
tes resultados para a constante ωe do sistema Xe-Xe, tanto com a forma anal´ıtica ILJ
como a LJ. E´ conveniente ressaltar que estes resultados concordam melhor com os dados
experimentais que os relatados por Goll, Werner e Stoll.
Para os demais sistemas homonucleares Ne-Ne, Ar-Ar e Kr-Kr, os resulta-
dos obtidos por Goll, Werner e Stoll para a constante espectrosco´pica we ficaram mais
pro´ximos dos dados experimentais do que os resultados encontrados via LJ. Pore´m os
resultados da forma anal´ıtica ILJ (considerando tanto Re, De e beta experimentais como
Re e De ab initio com β ajustado ou fixo igual a 9) sa˜o melhores do que ambos. Este fato
reforc¸a a confiabilidade desta forma anal´ıtica.
Nesse trabalho, concluiu-se tambe´m que as formas anal´ıticas ILJ e LJ pos-
suem comportamento muito semelhante na regia˜o harmoˆnica da curva de energia po-
tencial. Pore´m, a` medida que a distaˆncia internuclear entre os a´tomos aumenta, essas
formas anal´ıticas descrevem os sistemas moleculares de maneira cada vez mais distinta.
Dessa forma, as constantes espectrosco´picas que dependem da parte anarmoˆnica da curva
tendem a divergir.
Atrave´s do ca´lculo do tempo de vida de cada complexo, com uma func¸a˜o da
temperatura, foi poss´ıvel observar quais os sistemas moleculares mais esta´veis. Como era
esperado, um aumento maior no tempo de vida desse estado aconteceu para as mole´culas
compostas pelos a´tomos de gases nobres mais pesados (sistemas mais fortemente ligados),
com o dia´tomo Rn-Rn tendo o maior tempo de vida.
Como perspectivas futuras, pretende-se investigar as curvas de energia po-
tential (PEC) de d´ımeros heteronucleares de gases nobres com o ogane´sio (Z=118), o
u´ltimo ga´s nobre descoberto e no qual espera-se que os fortes efeitos da relatividade se-
jam importantes. Para tanto, aplicar-se-a´ uma combinac¸a˜o da teoria de longo alcance
de Moller-Plesset de segunda ordem com a teoria de curto alcance DFT (MP2-srDFT)
dentro da etrutura do me´todo relativ´ıstico de 4 componentes para gerar as PECs. Os
espectros rovibracionais sera˜o investigados atrave´s dos me´todos de Dunham e DVR em
conjunto com o potencial “Improved Lennard-Jones” (IJL), e a importaˆncia das interac¸o˜es
de Gaunt (Breit) tambe´m sera˜o investigadas.
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5.1 Apeˆndices A: Fatores de Conversa˜o
Massa
Unidade u.a u.m.a Kg
u.a 1 5,485804 x 10−4 9,109397 x 10−31
u.m.a 1822,887 1 1.6605402 x 10−27
Kg 1,09776746 x 1030 6,0221367 x 1026 1
u.a = unidade atoˆmica
u.m.a = unidade de massa atoˆmica
Kg = quilograma
Comprimento
Unidade a0 A˚ M
a0 1 0,529172249 5,2917097 x 10
−11
A˚ 1,88974384 1 10−10
M 1,88974384 x 1010 1010 1




Unidade eV J cm−1 Eh Kcal/mol
eV 1 1,6022 x 10−19 8065,48 3,6749 x 10−2 23,045
J 6,2415 x 1018 1 5,0340 x 1022 2,2937 x 1017 1,4384 x 1020
cm−1 1,23985 x 10−4 1,9865 x 10−23 1 4,5563x 10−6 2,8573 x 10−3
Eh 27,2116 4,3598 x 10
−18 2,1947 x 105 1 6,2709x 102
Kcal/mol 4,3393 x 10−2 6,9524x 10−21 3,4999 x 102 1,5946 x 10−3 1
eV = ele´tron-volt
J = Joule
cm−1 = cent´ımetro rec´ıproco
Eh = hartree
Kcal/mol = quilocaloria por mol
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5.2 Apeˆndice B: Energias Eletroˆnicas ab initio em
cm−1
Tabela 5.1: Sistema diatoˆmico He-He
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
2,00 -5,799377338445 2,00 -5,8033189597 2,00 -5,8046755184
2,10 -5,800093365422 2,10 -5,8040164346 2,10 -5,8053685586
2,20 -5,800544025077 2,20 -5,804452849 2,20 -5,8058013855
2,30 -5,800824282877 2,30 -5,8047224658 2,30 -5,8060680255
2,40 -5,800995984044 2,40 -5,804886413 2,40 -5,8062294864
2,50 -5,801099155215 2,50 -5,8049840425 2,50 -5,8063250417
2,60 -5,801159517820 2,60 -5,8050405004 2,60 -5,8063798134
2,70 -5,801193486065 2,70 -5,8050717326 2,70 -5,8064097098
2,80 -5,801211422623 2,80 -5,8050877661 2,80 -5,8064247135
2,90 -5,801219828761 2,90 -5,8050948472 2,90 -5,8064310192
2,91 -5,8012203162 2,91 -5,8050952267 2,91 -5,8064313328
2,92 -5,8012207526 2,92 -5,8050955586 2,92 -5,8064316007
2,93 -5,8012211412 2,93 -5,8050958465 2,93 -5,8064318268
2,94 -5,8012214846 2,94 -5,8050960926 2,94 -5,8064320131
2,95 -5,8012217853 2,95 -5,8050962995 2,95 -5,8064321619
2,96 -5,8012220458 2,96 -5,8050964694 2,96 -5,8064322756
2,97 -5,8012222685 2,97 -5,8050966046 2,97 -5,8064323563
2,98 -5,8012224554 2,98 -5,8050967071 2,98 -5,806432406
2,99 -5,8012226089 2,99 -5,805096779 2,99 -5,8064324267
3,00 -5,8012227308 3,00 -5,8050968222 3,00 -5,8064324202
3,01 -5,8012228231 3,01 -5,8050968384 3,01 -5,8064323884
3,02 -5,8012228876 3,02 -5,8050968294 3,02 -5,8064323328
3,03 -5,801222926 3,03 -5,8050967967 3,03 -5,806432255
3,04 -5,80122294 3,04 -5,805096742 3,04 -5,8064321566
3,05 -5,801222931 3,05 -5,8050966667 3,05 -5,806432039
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3,06 -5,8012229006 3,06 -5,8050965721 3,06 -5,8064319035
3,07 -5,8012228502 3,07 -5,8050964597 3,07 -5,8064317514
3,08 -5,8012227811 3,08 -5,8050963305 3,08 -5,8064315839
3,09 -5,8012226946 3,09 -5,8050961859 3,09 -5,8064314021
3,10 -5,801222589827 3,10 -5,8050960268 3,10 -5,8064312076
3,20 -5,801220892208 3,20 -5,8050938545 3,20 -5,806428733
3,30 -5,801218501739 3,30 -5,8050911162 3,30 -5,8064257761
3,40 -5,801215913778 3,40 -5,8050882652 3,40 -5,8064227672
3,50 -5,801213393755 3,50 -5,8050855423 3,50 -5,8064199288
3,60 -5,801211069340 3,60 -5,8050830607 3,60 -5,8064173623
3,70 -5,801208999842 3,70 -5,805080863 3,70 -5,8064150996
3,80 -5,801207187098 3,80 -5,8050789506 3,80 -5,8064131368
3,90 -5,801205620110 3,90 -5,8050773043 3,90 -5,806411451
4,00 -5,801204275422 4,00 -5,8050758966 4,00 -5,806410012
4,10 -5,801203124278 4,10 -5,8050746973 4,10 -5,8064087876
4,20 -5,801202146073 4,20 -5,8050736773 4,20 -5,8064077474
4,30 -5,801201310703 4,30 -5,8050728099 4,30 -5,8064068637
4,40 -5,801200597371 4,40 -5,8050720716 4,40 -5,8064061123
4,50 -5,801199987289 4,50 -5,8050714421 4,50 -5,8064054723
4,60 -5,801199464443 4,60 -5,8050709044 4,60 -5,8064049261
4,70 -5,801199017931 4,70 -5,8050704439 4,70 -5,8064044603
4,80 -5,801198632887 4,80 -5,8050700484 4,80 -5,8064040578
4,90 -5,801198300848 4,90 -5,805069708 4,90 -5,8064037128
5,00 -5,801198013750 5,00 -5,805069414 5,00 -5,8064034152
5,10 -5,801197764314 5,10 -5,8050691595 5,10 -5,8064031577
5,20 -5,801197548465 5,20 -5,8050689385 5,20 -5,8064029343
5,30 -5,801197359904 5,30 -5,8050687461 5,30 -5,80640274
5,40 -5,801197195131 5,40 -5,8050685782 5,40 -5,8064025711
5,50 -5,801197050795 5,50 -5,8050684313 5,50 -5,8064024227
5,60 -5,801196923915 5,60 -5,8050683023 5,60 -5,806402292
5,70 -5,801196812500 5,70 -5,805068189 5,70 -5,8064021777
5,80 -5,801196714092 5,80 -5,805068089 5,80 -5,8064020773
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5,90 -5,801196627085 5,90 -5,8050680007 5,90 -5,806401988
6,00 -5,801196549993 6,00 -5,8050679225 6,00 -5,8064019093
6,10 -5,801196481593 6,10 -5,8050678531 6,10 -5,8064018394
6,20 -5,801196420648 6,20 -5,8050677914 6,20 -5,8064017773
6,30 -5,801196366346 6,30 -5,8050677365 6,30 -5,806401722
6,40 -5,801196317885 6,40 -5,8050676874 6,40 -5,8064016727
6,50 -5,801196274511 6,50 -5,8050676435 6,50 -5,8064016286
6,60 -5,801196235752 6,60 -5,8050676042 6,60 -5,8064015891
6,70 -5,801196200730 6,70 -5,805067569 6,70 -5,8064015536
6,80 -5,801196169341 6,80 -5,8050675372 6,80 -5,8064015217
6,90 -5,801196141066 6,90 -5,8050675087 6,90 -5,8064014931
7,00 -5,801196115558 7,00 -5,8050674829 7,00 -5,8064014672
7,10 -5,801196092645 7,10 -5,8050674597 7,10 -5,8064014438
7,20 -5,801196071654 7,20 -5,8050674386 7,20 -5,8064014227
7,30 -5,801196052758 7,30 -5,8050674196 7,30 -5,8064014036
7,40 -5,801196035610 7,40 -5,8050674023 7,40 -5,8064013863
7,50 -5,801196020029 7,50 -5,8050673866 7,50 -5,8064013705
7,60 -5,801196005991 7,60 -5,8050673723 7,60 -5,8064013562
7,70 -5,801195992938 7,70 -5,8050673593 7,70 -5,8064013431
7,80 -5,801195981161 7,80 -5,8050673474 7,80 -5,8064013312
7,90 -5,801195970404 7,90 -5,8050673366 7,90 -5,8064013204
8,00 -5,801195960570 8,00 -5,8050673267 8,00 -5,8064013104
8,10 -5,801195951705 8,10 -5,8050673177 8,10 -5,8064013014
8,20 -5,801195943317 8,20 -5,8050673094 8,20 -5,806401293
8,30 -5,801195935751 8,30 -5,8050673017 8,30 -5,8064012854
8,40 -5,801195928802 8,40 -5,8050672948 8,40 -5,8064012784
8,50 -5,801195922414 8,50 -5,8050672883 8,50 -5,806401272
8,60 -5,801195916672 8,60 -5,8050672824 8,60 -5,806401266
8,70 -5,801195911119 8,70 -5,805067277 8,70 -5,8064012606
8,80 -5,801195906128 8,80 -5,805067272 8,80 -5,8064012556
8,90 -5,801195901521 8,90 -5,8050672673 8,90 -5,8064012509
9,00 -5,801195897265 9,00 -5,8050672631 9,00 -5,8064012467
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9,10 -5,801195893330 9,10 -5,8050672591 9,10 -5,8064012427
9,20 -5,801195889689 9,20 -5,8050672555 9,20 -5,806401239
9,30 -5,801195886316 9,30 -5,8050672521 9,30 -5,8064012356
9,40 -5,801195883190 9,40 -5,8050672489 9,40 -5,8064012325
9,50 -5,801195880291 9,50 -5,805067246 9,50 -5,8064012296
9,60 -5,801195877599 9,60 -5,8050672433 9,60 -5,8064012269
9,70 -5,801195875097 9,70 -5,8050672408 9,70 -5,8064012244
9,80 -5,801195872771 9,80 -5,8050672385 9,80 -5,806401222
9,90 -5,801195870606 9,90 -5,8050672363 9,90 -5,8064012199
10,00 -5,801195868727 10,00 -5,8050672343 10,00 -5,8064012178
10,10 -5,801195866701 10,10 -5,8050672324 10,10 -5,806401216
10,20 -5,801195864957 10,20 -5,8050672306 10,20 -5,8064012142
10,30 -5,801195863324 10,30 -5,805067229 10,30 -5,8064012126
10,40 -5,801195861797 10,40 -5,8050672275 10,40 -5,806401211
10,50 -5,801195860370 10,50 -5,805067226 10,50 -5,8064012096
10,60 -5,801195859036 10,60 -5,8050672247 10,60 -5,8064012083
10,70 -5,801195857787 10,70 -5,8050672234 10,70 -5,806401207
10,80 -5,801195856618 10,80 -5,8050672223 10,80 -5,8064012058
10,90 -5,801195855523 10,90 -5,8050672212 10,90 -5,8064012047
11,00 -5,801195854496 11,00 -5,8050672202 11,00 -5,8064012037
11,10 -5,801195853533 11,10 -5,8050672192 11,10 -5,8064012027
11,20 -5,801195852629 11,20 -5,8050672183 11,20 -5,8064012018
11,30 -5,801195851780 11,30 -5,8050672174 11,30 -5,806401201
11,40 -5,801195850982 11,40 -5,8050672166 11,40 -5,8064012002
11,50 -5,801195850233 11,50 -5,8050672159 11,50 -5,8064011994
11,60 -5,801195849527 11,60 -5,8050672152 11,60 -5,8064011987
11,70 -5,801195848863 11,70 -5,8050672145 11,70 -5,8064011981
11,80 -5,801195848238 11,80 -5,8050672139 11,80 -5,8064011974
11,90 -5,801195847649 11,90 -5,8050672133 11,90 -5,8064011968
12,00 -5,801195847231
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Tabela 5.2: Sistema diatoˆmico He-Ne
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
2,00 -131,708644394265 2,00 -131,7455729475 2,00 -131,7586952802
2,10 -131,7104277075 2,10 -131,7473055782 2,10 -131,7604120412
2,20 -131,7115519415 2,20 -131,7483937939 2,20 -131,7614870695
2,30 -131,7122540593 2,30 -131,7490705522 2,30 -131,7621529526
2,40 -131,7126875606 2,40 -131,7494861673 2,40 -131,7625597473
2,50 -131,7129513242 2,50 -131,7497372058 2,50 -131,7628037912
2,60 -131,7131086864 2,60 -131,7498854056 2,60 -131,7629465689
2,70 -131,7131999955 2,70 -131,7499700188 2,70 -131,763027069
2,80 -131,7132507946 2,80 -131,7500158447 2,80 -131,7630698207
2,90 -131,7132771442 2,90 -131,7500384318 2,90 -131,7630901336
3,00 -131,7132890526 3,00 -131,7500474504 3,00 -131,7630974665
3,01 -131,7132897113 3,01 -131,7500478479 3,01 -131,7630977303
3,02 -131,7132902938 3,02 -131,7500481841 3,02 -131,7630979295
3,03 -131,7132908043 3,03 -131,750048455 3,03 -131,7630980669
3,04 -131,7132912471 3,04 -131,7500486637 3,04 -131,7630981461
3,05 -131,713291626 3,05 -131,750048814 3,05 -131,7630981709
3,06 -131,7132919452 3,06 -131,7500489097 3,06 -131,7630981447
3,07 -131,7132922075 3,07 -131,750048954 3,07 -131,7630980708
3,08 -131,7132924167 3,08 -131,7500489503 3,08 -131,7630979522
3,09 -131,7132925759 3,09 -131,7500489015 3,09 -131,763097792
3,10 -131,7132926882 3,10 -131,7500488106 3,10 -131,7630975929
3,11 -131,7132927561 3,11 -131,7500486804 3,11 -131,7630973576
3,12 -131,7132927831 3,12 -131,7500485136 3,12 -131,7630970886
3,13 -131,7132927714 3,13 -131,7500483125 3,13 -131,7630967884
3,14 -131,7132927236 3,14 -131,7500480795 3,14 -131,7630964591
3,15 -131,7132926419 3,15 -131,750047817 3,15 -131,7630961029
3,16 -131,7132925286 3,16 -131,750047527 3,16 -131,7630957218
3,17 -131,7132923858 3,17 -131,7500472115 3,17 -131,7630953178
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3,18 -131,7132922155 3,18 -131,7500468725 3,18 -131,7630948927
3,19 -131,7132920196 3,19 -131,7500465117 3,19 -131,7630944482
3,20 -131,7132917999 3,20 -131,7500461303 3,20 -131,7630939865
3,30 -131,7132886289 3,30 -131,7500415358 3,30 -131,7630886859
3,40 -131,7132844802 3,40 -131,750036255 3,40 -131,7630828612
3,50 -131,7132800895 3,50 -131,7500309644 3,50 -131,7630771366
3,60 -131,7132758488 3,60 -131,75002601 3,60 -131,7630718362
3,70 -131,7132719496 3,70 -131,7500215462 3,70 -131,7630670915
3,80 -131,7132684652 3,80 -131,7500176157 3,80 -131,763062919
3,90 -131,7132654064 3,90 -131,750014205 3,90 -131,7630593394
4,00 -131,7132627507 4,00 -131,7500112712 4,00 -131,7630562552
4,10 -131,7132604616 4,10 -131,7500087615 4,10 -131,7630536238
4,20 -131,7132584965 4,20 -131,7500066202 4,20 -131,7630513853
4,30 -131,7132568128 4,30 -131,750004795 4,30 -131,7630494811
4,40 -131,7132553714 4,40 -131,750003239 4,40 -131,763047862
4,50 -131,7132541366 4,50 -131,7500019021 4,50 -131,7630464833
4,60 -131,7132530773 4,60 -131,7500007761 4,60 -131,7630453073
4,70 -131,7132521683 4,70 -131,7499998039 4,70 -131,7630443018
4,80 -131,7132513811 4,80 -131,749998969 4,80 -131,7630434395
4,90 -131,7132507082 4,90 -131,7499982505 4,90 -131,7630426987
5,00 -131,7132501284 5,00 -131,7499976303 5,00 -131,7630420601
5,10 -131,7132496223 5,10 -131,7499970936 5,10 -131,7630415082
5,20 -131,7132491832 5,20 -131,7499966282 5,20 -131,76304103
5,30 -131,7132488008 5,30 -131,7499962228 5,30 -131,7630406141
5,40 -131,7132484667 5,40 -131,7499958694 5,40 -131,7630402518
5,50 -131,7132481744 5,50 -131,7499955603 5,50 -131,7630399351
5,60 -131,713247918 5,60 -131,7499952893 5,60 -131,7630396578
5,70 -131,7132476919 5,70 -131,7499950512 5,70 -131,7630394143
5,80 -131,7132474931 5,80 -131,7499948413 5,80 -131,7630391997
5,90 -131,7132473172 5,90 -131,749994656 5,90 -131,7630390105
6,00 -131,7132471609 6,00 -131,7499944921 6,00 -131,763038843
6,10 -131,7132470236 6,10 -131,7499943467 6,10 -131,7630386947
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6,20 -131,7132469003 6,20 -131,7499942175 6,20 -131,7630385631
6,30 -131,7132467909 6,30 -131,7499941023 6,30 -131,7630384456
6,40 -131,7132466931 6,40 -131,7499940001 6,40 -131,763038341
6,50 -131,7132466057 6,50 -131,7499939079 6,50 -131,7630382475
6,60 -131,7132465278 6,60 -131,7499938257 6,60 -131,7630381639
6,70 -131,7132464571 6,70 -131,7499937521 6,70 -131,763038089
6,80 -131,713246394 6,80 -131,7499936857 6,80 -131,7630380215
6,90 -131,713246337 6,90 -131,749993626 6,90 -131,7630379609
7,00 -131,7132462858 7,00 -131,7499935722 7,00 -131,7630379062
7,10 -131,7132462398 7,10 -131,7499935238 7,10 -131,7630378569
7,20 -131,7132461974 7,20 -131,7499934799 7,20 -131,7630378125
7,30 -131,7132461596 7,30 -131,74999344 7,30 -131,7630377719
7,40 -131,7132461251 7,40 -131,749993404 7,40 -131,7630377354
7,50 -131,7132460938 7,50 -131,7499933712 7,50 -131,7630377021
7,60 -131,7132460657 7,60 -131,7499933415 7,60 -131,7630376719
7,70 -131,7132460393 7,70 -131,7499933144 7,70 -131,7630376446
7,80 -131,7132460158 7,80 -131,7499932896 7,80 -131,7630376193
7,90 -131,7132459942 7,90 -131,749993267 7,90 -131,7630375965
8,00 -131,7132459745 8,00 -131,7499932464 8,00 -131,7630375756
8,10 -131,7132459568 8,10 -131,7499932276 8,10 -131,7630375565
8,20 -131,7132459398 8,20 -131,7499932102 8,20 -131,7630375391
8,30 -131,7132459247 8,30 -131,7499931945 8,30 -131,7630375229
8,40 -131,7132459107 8,40 -131,7499931799 8,40 -131,7630375082
8,50 -131,713245898 8,50 -131,7499931665 8,50 -131,7630374947
8,60 -131,7132458865 8,60 -131,7499931543 8,60 -131,7630374822
8,70 -131,7132458754 8,70 -131,7499931428 8,70 -131,7630374709
8,80 -131,7132458653 8,80 -131,7499931325 8,80 -131,7630374602
8,90 -131,7132458561 8,90 -131,7499931228 8,90 -131,7630374505
9,00 -131,7132458475 9,00 -131,7499931139 9,00 -131,7630374415
9,10 -131,7132458397 9,10 -131,7499931057 9,10 -131,7630374332
9,20 -131,7132458324 9,20 -131,7499930981 9,20 -131,7630374255
9,30 -131,7132458256 9,30 -131,7499930911 9,30 -131,7630374184
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9,40 -131,7132458194 9,40 -131,7499930846 9,40 -131,7630374118
9,50 -131,7132458136 9,50 -131,7499930785 9,50 -131,7630374057
9,60 -131,7132458082 9,60 -131,7499930729 9,60 -131,7630374
9,70 -131,7132458032 9,70 -131,7499930677 9,70 -131,7630373947
9,80 -131,7132457985 9,80 -131,7499930628 9,80 -131,7630373898
9,90 -131,7132457942 9,90 -131,7499930583 9,90 -131,7630373853
10,00 -131,7132457905 10,00 -131,7499930542 10,00 -131,763037381
10,10 -131,7132457862 10,10 -131,7499930501 10,10 -131,7630373772
10,20 -131,7132457829 10,20 -131,7499930466 10,20 -131,7630373734
10,30 -131,7132457796 10,30 -131,7499930431 10,30 -131,76303737
10,40 -131,7132457766 10,40 -131,74999304 10,40 -131,7630373667
10,50 -131,7132457737 10,50 -131,749993037 10,50 -131,7630373637
10,60 -131,713245771 10,60 -131,7499930342 10,60 -131,7630373609
10,70 -131,7132457685 10,70 -131,7499930316 10,70 -131,7630373583
10,80 -131,7132457662 10,80 -131,7499930292 10,80 -131,7630373558
10,90 -131,713245764 10,90 -131,7499930269 10,90 -131,7630373535
11,00 -131,7132457619 11,00 -131,7499930248 11,00 -131,7630373514
11,10 -131,71324576 11,10 -131,7499930228 11,10 -131,7630373494
11,20 -131,7132457582 11,20 -131,7499930209 11,20 -131,7630373475
11,30 -131,7132457565 11,30 -131,7499930191 11,30 -131,7630373457
11,40 -131,7132457549 11,40 -131,7499930175 11,40 -131,763037344
11,50 -131,7132457534 11,50 -131,7499930159 11,50 -131,7630373424
11,60 -131,713245752 11,60 -131,7499930144 11,60 -131,763037341
11,70 -131,7132457507 11,70 -131,7499930131 11,70 -131,7630373396
11,80 -131,7132457494 11,80 -131,7499930118 11,80 -131,7630373383
11,90 -131,7132457483 11,90 -131,7499930105 11,90 -131,763037337
12,00 -131,7630939865
Tabela 5.3: Sistema diatoˆmico He-Ar
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
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2,00 -529,9261264565 2,00 -529,9549989866 2,00 -529,964274523
2,10 -529,933650633 2,10 -529,9623943541 2,10 -529,9716153726
2,20 -529,9388217996 2,20 -529,9674611891 2,20 -529,9766416682
2,30 -529,9423554678 2,30 -529,9709095666 2,30 -529,9800597727
2,40 -529,9447555892 2,40 -529,9732399704 2,40 -529,9823674431
2,50 -529,9463750284 2,50 -529,9748028136 2,50 -529,9839130943
2,60 -529,9474595673 2,60 -529,9758419312 2,60 -529,9849391005
2,70 -529,948179581 2,70 -529,9765259992 2,70 -529,9856130653
2,80 -529,948652604 2,80 -529,9769710072 2,80 -529,9860501844
2,90 -529,948959346 2,90 -529,9772562513 2,90 -529,9863291896
3,00 -529,9491549497 3,00 -529,9774355963 3,00 -529,9865035523
3,10 -529,9492768905 3,10 -529,9775453958 3,10 -529,9866093509
3,20 -529,9493504996 3,20 -529,9776100307 3,20 -529,9866707583
3,30 -529,9493927816 3,30 -529,9776457258 3,30 -529,9867038506
3,40 -529,9494150822 3,40 -529,9776632046 3,40 -529,9867192333
3,50 -529,949424907 3,41 -529,977664247 3,41 -529,9867200895
3,51 -529,9494254099 3,42 -529,9776651835 3,42 -529,9867208447
3,52 -529,9494258424 3,43 -529,9776660208 3,43 -529,9867215045
3,53 -529,9494262082 3,44 -529,9776667637 3,44 -529,9867220739
3,54 -529,9494265107 3,45 -529,9776674171 3,45 -529,9867225575
3,55 -529,9494267533 3,46 -529,9776679854 3,46 -529,9867229599
3,56 -529,9494269391 3,47 -529,9776684731 3,47 -529,9867232853
3,57 -529,9494270711 3,48 -529,9776688844 3,48 -529,9867235377
3,58 -529,9494271523 3,49 -529,9776692231 3,49 -529,9867237213
3,59 -529,9494271855 3,50 -529,9776694932 3,50 -529,9867238395
3,60 -529,9494271753 3,51 -529,9776696982 3,51 -529,9867238962
3,61 -529,9494271203 3,52 -529,9776698418 3,52 -529,9867238946
3,62 -529,9494270248 3,53 -529,9776699271 3,53 -529,9867238381
3,63 -529,9494268913 3,54 -529,9776699574 3,54 -529,9867237298
3,64 -529,949426722 3,55 -529,9776699358 3,55 -529,9867235726
3,65 -529,9494265189 3,56 -529,9776698651 3,56 -529,9867233694
3,66 -529,9494262841 3,57 -529,9776697483 3,57 -529,986723123
90
3,67 -529,9494260195 3,58 -529,9776695878 3,58 -529,986722836
3,68 -529,949425727 3,59 -529,9776693863 3,59 -529,9867225107
3,69 -529,9494254083 3,60 -529,977669145 3,60 -529,986722149
3,70 -529,9494250629 3,70 -529,9776650804 3,70 -529,9867170164
3,80 -529,9494206033 3,80 -529,9776591377 3,80 -529,9867102295
3,90 -529,9494150576 3,90 -529,9776524472 3,90 -529,9867028713
4,00 -529,9494091899 4,00 -529,9776456813 4,00 -529,9866955776
4,10 -529,9494034415 4,10 -529,9776392186 4,10 -529,9866886989
4,20 -529,9493980533 4,20 -529,9776332565 4,20 -529,9866824042
4,30 -529,9493931347 4,30 -529,9776278743 4,30 -529,9866767584
4,40 -529,949388723 4,40 -529,9776230871 4,40 -529,9866717601
4,50 -529,9493848109 4,50 -529,9776188707 4,50 -529,9866673735
4,60 -529,9493813671 4,60 -529,9776151814 4,60 -529,9866635453
4,70 -529,9493783516 4,70 -529,9776119653 4,70 -529,9866602231
4,80 -529,9493757178 4,80 -529,9776091693 4,80 -529,9866573312
4,90 -529,9493734217 4,90 -529,9776067409 4,90 -529,9866548294
5,00 -529,9493714203 5,00 -529,977604632 5,00 -529,9866526608
5,10 -529,9493696753 5,10 -529,9776028002 5,10 -529,9866507799
5,20 -529,9493681541 5,20 -529,9776012058 5,20 -529,9866491467
5,30 -529,9493668253 5,30 -529,9775998176 5,30 -529,9866477263
5,40 -529,9493656632 5,40 -529,9775986062 5,40 -529,9866464887
5,50 -529,9493646452 5,50 -529,977597547 5,50 -529,9866454082
5,60 -529,9493637518 5,60 -529,9775966205 5,60 -529,9866444629
5,70 -529,9493629661 5,70 -529,9775958055 5,70 -529,9866436343
5,80 -529,949362274 5,80 -529,9775950896 5,80 -529,9866429061
5,90 -529,949361663 5,90 -529,9775944585 5,90 -529,9866422649
6,00 -529,9493611225 6,00 -529,9775939011 6,00 -529,9866416989
6,10 -529,9493606439 6,10 -529,9775934085 6,10 -529,9866411982
6,20 -529,949360218 6,20 -529,97759297 6,20 -529,9866407547
6,30 -529,9493598395 6,30 -529,977592581 6,30 -529,9866403606
6,40 -529,949359502 6,40 -529,9775922346 6,40 -529,9866400099
6,50 -529,9493592007 6,50 -529,9775919256 6,50 -529,9866396971
91
6,60 -529,9493589319 6,60 -529,9775916501 6,60 -529,9866394176
6,70 -529,9493586894 6,70 -529,9775914019 6,70 -529,9866391676
6,80 -529,9493584724 6,80 -529,9775911799 6,80 -529,9866389433
6,90 -529,9493582773 6,90 -529,9775909804 6,90 -529,9866387419
7,00 -529,9493581015 7,00 -529,9775908009 7,00 -529,9866385606
7,10 -529,9493579438 7,10 -529,9775906398 7,10 -529,9866383972
7,20 -529,9493577996 7,20 -529,9775904929 7,20 -529,9866382498
7,30 -529,9493576699 7,30 -529,9775903607 7,30 -529,9866381165
7,40 -529,9493575524 7,40 -529,9775902409 7,40 -529,9866379959
7,50 -529,9493574458 7,50 -529,9775901323 7,50 -529,9866378864
7,60 -529,9493573499 7,60 -529,9775900344 7,60 -529,986637787
7,70 -529,9493572608 7,70 -529,9775899439 7,70 -529,9866376967
7,80 -529,9493571804 7,80 -529,9775898622 7,80 -529,9866376145
7,90 -529,9493571071 7,90 -529,9775897877 7,90 -529,9866375395
8,00 -529,9493570402 8,00 -529,9775897197 8,00 -529,9866374711
8,10 -529,94935698 8,10 -529,9775896583 8,10 -529,9866374085
8,20 -529,949356923 8,20 -529,9775896007 8,20 -529,9866373514
8,30 -529,9493568716 8,30 -529,9775895485 8,30 -529,986637299
8,40 -529,9493568245 8,40 -529,9775895007 8,40 -529,9866372509
8,50 -529,9493567812 8,50 -529,9775894568 8,50 -529,9866372068
8,60 -529,9493567424 8,60 -529,9775894173 8,60 -529,9866371662
8,70 -529,9493567048 8,70 -529,9775893794 8,70 -529,986637129
8,80 -529,9493566711 8,80 -529,9775893452 8,80 -529,9866370946
8,90 -529,9493566399 8,90 -529,9775893137 8,90 -529,986637063
9,00 -529,9493566112 9,00 -529,9775892846 9,00 -529,9866370338
9,10 -529,9493565847 9,10 -529,9775892577 9,10 -529,9866370068
9,20 -529,9493565601 9,20 -529,9775892329 9,20 -529,9866369819
9,30 -529,9493565374 9,30 -529,9775892099 9,30 -529,9866369588
9,40 -529,9493565164 9,40 -529,9775891886 9,40 -529,9866369375
9,50 -529,9493564969 9,50 -529,9775891689 9,50 -529,9866369177
9,60 -529,9493564788 9,60 -529,9775891506 9,60 -529,9866368993
9,70 -529,9493564619 9,70 -529,9775891336 9,70 -529,9866368823
92
9,80 -529,9493564463 9,80 -529,9775891178 9,80 -529,9866368664
9,90 -529,9493564318 9,90 -529,9775891031 9,90 -529,9866368517
10,00 -529,9493564183 10,00 -529,9775890894 10,00 -529,986636838
10,10 -529,9493564057 10,10 -529,9775890767 10,10 -529,9866368253
10,20 -529,9493563939 10,20 -529,9775890648 10,20 -529,9866368134
10,30 -529,949356383 10,30 -529,9775890538 10,30 -529,9866368023
10,40 -529,9493563727 10,40 -529,9775890435 10,40 -529,986636792
10,50 -529,9493563632 10,50 -529,9775890338 10,50 -529,9866367823
10,60 -529,9493563542 10,60 -529,9775890248 10,60 -529,9866367733
10,70 -529,9493563459 10,70 -529,9775890164 10,70 -529,9866367648
10,80 -529,9493563381 10,80 -529,9775890085 10,80 -529,9866367569
10,90 -529,9493563308 10,90 -529,9775890011 10,90 -529,9866367495
11,00 -529,9493563239 11,00 -529,9775889942 11,00 -529,9866367426
11,10 -529,9493563175 11,10 -529,9775889877 11,10 -529,9866367361
11,20 -529,9493563114 11,20 -529,9775889816 11,20 -529,98663673
11,30 -529,9493563058 11,30 -529,9775889759 11,30 -529,9866367243
11,40 -529,9493563004 11,40 -529,9775889705 11,40 -529,9866367189
11,50 -529,9493562954 11,50 -529,9775889655 11,50 -529,9866367139
11,60 -529,9493562907 11,60 -529,9775889608 11,60 -529,9866367092
11,70 -529,9493562863 11,70 -529,9775889563 11,70 -529,9866367047
11,80 -529,9493562821 11,80 -529,9775889521 11,80 -529,9866367005
11,90 -529,9493562782 11,90 -529,9775889482 11,90 -529,9866366965
12,00 -529,9493562745 12,00 -529,9775889444 12,00 -529,9866366928
12,10 -529,949356271 12,10 -529,9866366893
12,20 -529,9493562677
Tabela 5.4: Sistema diatoˆmico He-Kr
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
2,00 -2755,1747529217 2,00 -2755,252990564 2,00 -2755,3399207161
2,10 -2755,1861167516 2,10 -2755,2641508703 2,10 -2755,3510022172
93
2,20 -2755,1941590495 2,20 -2755,272029362 2,20 -2755,3588165925
2,30 -2755,1998179452 2,30 -2755,2775574432 2,30 -2755,3642923663
2,40 -2755,2037772407 2,40 -2755,2814128013 2,40 -2755,3681051107
2,50 -2755,206531543 2,50 -2755,2840846404 2,50 -2755,3707425112
2,60 -2755,2084361697 2,60 -2755,2859237231 2,60 -2755,3725541391
2,70 -2755,2097448113 2,70 -2755,2871800994 2,70 -2755,3737889779
2,80 -2755,2106375764 2,80 -2755,288031074 2,80 -2755,3746233172
2,90 -2755,2112416563 2,90 -2755,2886017296 2,90 -2755,3751812617
3,00 -2755,2116464246 3,00 -2755,2889798337 3,00 -2755,3755497142
3,10 -2755,2119143839 3,10 -2755,2892266403 3,10 -2755,3757891865
3,20 -2755,212089051 3,20 -2755,2893846559 3,20 -2755,3759415908
3,30 -2755,2122005706 3,30 -2755,2894831824 3,30 -2755,3760357807
3,40 -2755,2122697332 3,40 -2755,2895422922 3,40 -2755,3760914959
3,50 -2755,2123107956 3,50 -2755,2895756333 3,50 -2755,3761221512
3,60 -2755,2123334714 3,60 -2755,2895924131 3,60 -2755,3761367852
3,70 -2755,2123443375 3,70 -2755,2895987858 3,70 -2755,376141447
3,71 -2755,2123449624 3,71 -2755,2895990169 3,71 -2755,37614152
3,72 -2755,2123455142 3,72 -2755,2895991947 3,72 -2755,3761415503
3,73 -2755,2123460002 3,73 -2755,2895993159 3,73 -2755,3761415261
3,74 -2755,2123464233 3,74 -2755,2895993841 3,74 -2755,3761414525
3,75 -2755,2123467866 3,75 -2755,2895994021 3,75 -2755,3761413316
3,76 -2755,212347093 3,76 -2755,2895993724 3,76 -2755,3761411661
3,77 -2755,2123473454 3,77 -2755,2895992978 3,77 -2755,3761409586
3,78 -2755,2123475465 3,78 -2755,2895991805 3,78 -2755,3761407113
3,79 -2755,2123476987 3,79 -2755,289599023 3,79 -2755,3761404267
3,80 -2755,2123478047 3,80 -2755,2895988275 3,80 -2755,3761401069
3,81 -2755,2123478667 3,81 -2755,2895985962 3,81 -2755,3761397539
3,82 -2755,2123478871 3,82 -2755,2895983293 3,82 -2755,3761393698
3,83 -2755,2123478681 3,83 -2755,2895980321 3,83 -2755,3761389565
3,84 -2755,2123478117 3,84 -2755,2895977051 3,84 -2755,3761385157
3,85 -2755,2123477199 3,85 -2755,28959735 3,85 -2755,3761380493
3,86 -2755,2123475948 3,86 -2755,2895969685 3,86 -2755,376137559
94
3,87 -2755,212347438 3,87 -2755,2895965622 3,87 -2755,3761370461
3,88 -2755,2123472513 3,88 -2755,2895961326 3,88 -2755,3761365125
3,89 -2755,2123470366 3,89 -2755,2895956814 3,89 -2755,3761359594
3,90 -2755,2123467953 3,90 -2755,2895952134 3,90 -2755,3761353979
4,00 -2755,2123432354 4,00 -2755,2895896561 4,00 -2755,3761289548
4,10 -2755,2123383529 4,10 -2755,2895832352 4,10 -2755,3761218264
4,20 -2755,2123329404 4,20 -2755,2895766271 4,20 -2755,37611466
4,30 -2755,2123274661 4,30 -2755,2895702169 4,30 -2755,3761078007
4,40 -2755,2123222086 4,40 -2755,2895642206 4,40 -2755,3761014482
4,50 -2755,2123173162 4,50 -2755,2895587346 4,50 -2755,3760956848
4,60 -2755,212312854 4,60 -2755,2895538121 4,60 -2755,3760905273
4,70 -2755,2123088439 4,70 -2755,2895494179 4,70 -2755,3760859586
4,80 -2755,2123052695 4,80 -2755,2895455431 4,80 -2755,3760819349
4,90 -2755,2123021055 4,90 -2755,2895421355 4,90 -2755,3760784077
5,00 -2755,2122993119 5,00 -2755,2895391485 5,00 -2755,3760753244
5,10 -2755,2122968554 5,10 -2755,2895365403 5,10 -2755,3760726327
5,20 -2755,2122946991 5,20 -2755,2895342487 5,20 -2755,3760702825
5,30 -2755,2122928049 5,30 -2755,2895322506 5,30 -2755,3760682317
5,40 -2755,2122911414 5,40 -2755,2895305067 5,40 -2755,3760664402
5,50 -2755,2122896798 5,50 -2755,2895289739 5,50 -2755,3760648736
5,60 -2755,2122883933 5,60 -2755,2895276304 5,60 -2755,3760635017
5,70 -2755,212287262 5,70 -2755,2895264503 5,70 -2755,3760622984
5,80 -2755,2122862637 5,80 -2755,289525412 5,80 -2755,3760612406
5,90 -2755,2122853817 5,90 -2755,2895244969 5,90 -2755,3760603096
6,00 -2755,2122846014 6,00 -2755,2895236888 6,00 -2755,3760594881
6,10 -2755,2122839091 6,10 -2755,2895229739 6,10 -2755,376058762
6,20 -2755,2122832953 6,20 -2755,2895223399 6,20 -2755,3760581189
6,30 -2755,212282749 6,30 -2755,2895217771 6,30 -2755,3760575482
6,40 -2755,2122822621 6,40 -2755,2895212761 6,40 -2755,3760570407
6,50 -2755,2122818273 6,50 -2755,2895208295 6,50 -2755,3760565885
6,60 -2755,2122814384 6,60 -2755,2895204306 6,60 -2755,3760561849
6,70 -2755,2122810902 6,70 -2755,2895200735 6,70 -2755,3760558239
95
6,80 -2755,2122807778 6,80 -2755,2895197537 6,80 -2755,3760555006
6,90 -2755,2122804969 6,90 -2755,2895194663 6,90 -2755,3760552103
7,00 -2755,212280244 7,00 -2755,2895192079 7,00 -2755,3760549494
7,10 -2755,2122800159 7,10 -2755,2895189751 7,10 -2755,3760547143
7,20 -2755,2122798099 7,20 -2755,2895187649 7,20 -2755,3760545024
7,30 -2755,2122796238 7,30 -2755,2895185752 7,30 -2755,376054311
7,40 -2755,2122794551 7,40 -2755,2895184033 7,40 -2755,3760541378
7,50 -2755,2122793021 7,50 -2755,2895182476 7,50 -2755,3760539808
7,60 -2755,2122791632 7,60 -2755,2895181062 7,60 -2755,3760538383
7,70 -2755,2122790366 7,70 -2755,2895179777 7,70 -2755,376053709
7,80 -2755,2122789217 7,80 -2755,2895178609 7,80 -2755,3760535913
7,90 -2755,2122788167 7,90 -2755,2895177543 7,90 -2755,376053484
8,00 -2755,2122787209 8,00 -2755,2895176571 8,00 -2755,3760533861
8,10 -2755,2122786334 8,10 -2755,2895175681 8,10 -2755,3760532967
8,20 -2755,2122785531 8,20 -2755,2895174868 8,20 -2755,376053215
8,30 -2755,2122784799 8,30 -2755,2895174125 8,30 -2755,3760531402
8,40 -2755,2122784125 8,40 -2755,2895173442 8,40 -2755,3760530716
8,50 -2755,2122783507 8,50 -2755,2895172816 8,50 -2755,3760530087
8,60 -2755,212278294 8,60 -2755,2895172241 8,60 -2755,3760529508
8,70 -2755,2122782415 8,70 -2755,2895171711 8,70 -2755,3760528977
8,80 -2755,2122781935 8,80 -2755,2895171225 8,80 -2755,3760528488
8,90 -2755,2122781491 8,90 -2755,2895170776 8,90 -2755,3760528037
9,00 -2755,2122781081 9,00 -2755,2895170362 9,00 -2755,3760527621
9,10 -2755,2122780703 9,10 -2755,289516998 9,10 -2755,3760527237
9,20 -2755,2122780353 9,20 -2755,2895169626 9,20 -2755,3760526883
9,30 -2755,212278003 9,30 -2755,2895169299 9,30 -2755,3760526555
9,40 -2755,212277973 9,40 -2755,2895168997 9,40 -2755,3760526251
9,50 -2755,2122779452 9,50 -2755,2895168717 9,50 -2755,376052597
9,60 -2755,2122779195 9,60 -2755,2895168456 9,60 -2755,3760525708
9,70 -2755,2122778955 9,70 -2755,2895168214 9,70 -2755,3760525466
9,80 -2755,2122778733 9,80 -2755,2895167991 9,80 -2755,3760525242
9,90 -2755,2122778526 9,90 -2755,2895167782 9,90 -2755,3760525033
96
10,00 -2755,2122778334 10,00 -2755,2895167589 10,00 -2755,3760524838
10,10 -2755,2122778155 10,10 -2755,2895167408 10,10 -2755,3760524657
10,20 -2755,2122777988 10,20 -2755,289516724 10,20 -2755,3760524488
10,30 -2755,2122777832 10,30 -2755,2895167083 10,30 -2755,3760524331
10,40 -2755,2122777687 10,40 -2755,2895166937 10,40 -2755,3760524185
10,50 -2755,2122777551 10,50 -2755,28951668 10,50 -2755,3760524048
10,60 -2755,2122777424 10,60 -2755,2895166672 10,60 -2755,3760523919
10,70 -2755,2122777304 10,70 -2755,2895166552 10,70 -2755,37605238
10,80 -2755,2122777195 10,80 -2755,2895166441 10,80 -2755,3760523688
10,90 -2755,212277709 10,90 -2755,2895166336 10,90 -2755,3760523583
11,00 -2755,2122776993 11,00 -2755,2895166239 11,00 -2755,3760523485
11,10 -2755,2122776902 11,10 -2755,2895166147 11,10 -2755,3760523393
11,20 -2755,2122776816 11,20 -2755,2895166061 11,20 -2755,3760523307
11,30 -2755,2122776736 11,30 -2755,289516598 11,30 -2755,3760523226
11,40 -2755,212277666 11,40 -2755,2895165904 11,40 -2755,376052315
11,50 -2755,2122776589 11,50 -2755,2895165833 11,50 -2755,3760523079
11,60 -2755,2122776523 11,60 -2755,2895165766 11,60 -2755,3760523011
11,70 -2755,2895165702 11,70 -2755,3760522948
11,80 -2755,2895165643 11,80 -2755,3760522889
11,90 -2755,2895165587 11,90 -2755,3760522833
12,00 -2755,2895165535 12,00 -2755,376052278
12,10 -2755,2895165485
Tabela 5.5: Sistema diatoˆmico He-Xe
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
2,00 -331,4018875254 2,00 -331,5173188458 2,00 -331,5937502896
2,10 -331,4192250455 2,10 -331,5343322241 2,10 -331,6106435185
2,20 -331,4319520797 2,20 -331,546792671 2,20 -331,6230062665
2,30 -331,4412407767 2,30 -331,5558619375 2,30 -331,6319954535
2,40 -331,4479830874 2,40 -331,5624241177 2,40 -331,6384916951
97
2,50 -331,4528512208 2,50 -331,5671452511 2,50 -331,6431583699
2,60 -331,4563476066 2,60 -331,5705226807 2,60 -331,6464907404
2,70 -331,4588451897 2,70 -331,5729248513 2,70 -331,6488557056
2,80 -331,4606191804 2,80 -331,574622909 2,80 -331,6505232721
2,90 -331,4618715707 2,90 -331,5758152328 2,90 -331,6516908679
3,00 -331,462749939 3,00 -331,5766462069 3,00 -331,6525020526
3,10 -331,463361454 3,10 -331,5772203778 3,10 -331,6530606312
3,20 -331,4637836035 3,20 -331,5776131609 3,20 -331,6534412584
3,30 -331,4640721202 3,30 -331,5778785918 3,30 -331,6536973289
3,40 -331,464266896 3,40 -331,5780552423 3,40 -331,6538668222
3,50 -331,4643963479 3,50 -331,5781704831 3,50 -331,6539766004
3,60 -331,464480621 3,60 -331,5782436416 3,60 -331,6540455597
3,70 -331,4645339237 3,70 -331,5782882364 3,70 -331,6540869196
3,80 -331,4645662198 3,80 -331,5783137117 3,80 -331,6541098483
3,90 -331,4645844529 3,90 -331,5783266058 3,90 -331,654120739
3,91 -331,4645857016 3,91 -331,578327392 3,91 -331,6541213505
3,92 -331,4645868638 3,92 -331,5783280989 3,92 -331,654121885
3,93 -331,464587942 3,93 -331,5783287329 3,93 -331,6541223507
3,94 -331,46458894 3,94 -331,5783292973 3,94 -331,6541227504
3,95 -331,4645898612 3,95 -331,5783297952 3,95 -331,654123087
3,96 -331,4645907089 3,96 -331,5783302296 3,96 -331,6541233636
3,97 -331,4645914862 3,97 -331,5783306036 3,97 -331,6541235833
3,98 -331,4645922136 3,98 -331,5783309199 3,98 -331,6541237487
3,99 -331,464592861 3,99 -331,5783311812 3,99 -331,6541238624
4,00 -331,4645934453 4,00 -331,5783313902 4,00 -331,6541239416
4,01 -331,4645939707 4,01 -331,5783315495 4,01 -331,6541239595
4,02 -331,4645944401 4,02 -331,5783316612 4,02 -331,6541239331
4,03 -331,4645948558 4,03 -331,5783317277 4,03 -331,6541238643
4,04 -331,4645952204 4,04 -331,5783317514 4,04 -331,654123748
4,05 -331,4645955361 4,05 -331,5783317344 4,05 -331,6541236022
4,06 -331,4645958052 4,06 -331,5783316786 4,06 -331,6541234189
4,07 -331,4645960299 4,07 -331,578331586 4,07 -331,6541232026
98
4,08 -331,4645962122 4,08 -331,5783314586 4,08 -331,6541229535
4,09 -331,4645963542 4,09 -331,5783312981 4,09 -331,654122674
4,10 -331,4645964586 4,10 -331,5783311057 4,10 -331,6541223672
4,20 -331,4645957528 4,20 -331,578327802 4,20 -331,6541180231
4,30 -331,464592835 4,30 -331,5783228352 4,30 -331,6541122103
4,40 -331,4645887048 4,40 -331,5783170857 4,40 -331,6541057821
4,50 -331,464584013 4,50 -331,5783111177 4,50 -331,6540992496
4,60 -331,4645791735 4,60 -331,5783052628 4,60 -331,654092941
4,70 -331,4645744401 4,70 -331,5782997228 4,70 -331,6540870346
4,80 -331,4645699597 4,80 -331,5782946014 4,80 -331,6540816177
4,90 -331,4645658093 4,90 -331,5782899404 4,90 -331,6540767183
5,00 -331,4645620212 5,00 -331,5782857442 5,00 -331,6540723298
5,10 -331,4645585988 5,10 -331,578281995 5,10 -331,6540684258
5,20 -331,4645555293 5,20 -331,5782786641 5,20 -331,6540649665
5,30 -331,4645527898 5,30 -331,5782757143 5,30 -331,6540619147
5,40 -331,4645503532 5,40 -331,5782731077 5,40 -331,6540592249
5,50 -331,4645481907 5,50 -331,5782708073 5,50 -331,6540568561
5,60 -331,464546274 5,60 -331,5782687779 5,60 -331,6540547706
5,70 -331,4645445764 5,70 -331,5782669875 5,70 -331,6540529341
5,80 -331,4645430723 5,80 -331,578265411 5,80 -331,6540513157
5,90 -331,4645417394 5,90 -331,5782640139 5,90 -331,654049888
6,00 -331,4645405583 6,00 -331,5782627788 6,00 -331,6540486269
6,10 -331,4645395078 6,10 -331,5782616849 6,10 -331,6540475116
6,20 -331,4645385752 6,20 -331,5782607148 6,20 -331,6540465236
6,30 -331,4645377452 6,30 -331,5782598531 6,30 -331,654045647
6,40 -331,4645370055 6,40 -331,5782590865 6,40 -331,6540448679
6,50 -331,4645363453 6,50 -331,5782584034 6,50 -331,6540441742
6,60 -331,4645357551 6,60 -331,5782577937 6,60 -331,6540435556
6,70 -331,4645352267 6,70 -331,5782572485 6,70 -331,6540430029
6,80 -331,4645347528 6,80 -331,5782567602 6,80 -331,6540425083
6,90 -331,4645343271 6,90 -331,5782563222 6,90 -331,6540420649
7,00 -331,4645339429 7,00 -331,5782559287 7,00 -331,6540416667
99
7,10 -331,4645335994 7,10 -331,5782555745 7,10 -331,6540413085
7,20 -331,464533288 7,20 -331,5782552552 7,20 -331,6540409858
7,30 -331,4645330067 7,30 -331,5782549669 7,30 -331,6540406946
7,40 -331,4645327522 7,40 -331,5782547063 7,40 -331,6540404314
7,50 -331,4645325215 7,50 -331,5782544703 7,50 -331,6540401932
7,60 -331,4645323122 7,60 -331,5782542563 7,60 -331,6540399773
7,70 -331,464532122 7,70 -331,578254062 7,70 -331,6540397813
7,80 -331,4645319489 7,80 -331,5782538853 7,80 -331,6540396031
7,90 -331,4645317912 7,90 -331,5782537244 7,90 -331,654039441
8,00 -331,4645316473 8,00 -331,5782535777 8,00 -331,6540392931
8,10 -331,4645315159 8,10 -331,5782534438 8,10 -331,6540391582
8,20 -331,4645313958 8,20 -331,5782533214 8,20 -331,654039035
8,30 -331,4645312858 8,30 -331,5782532095 8,30 -331,6540389222
8,40 -331,464531185 8,40 -331,578253107 8,40 -331,6540388189
8,50 -331,4645310925 8,50 -331,5782530129 8,50 -331,6540387242
8,60 -331,4645310075 8,60 -331,5782529265 8,60 -331,6540386373
8,70 -331,4645309294 8,70 -331,5782528471 8,70 -331,6540385574
8,80 -331,4645308575 8,80 -331,578252774 8,80 -331,6540384839
8,90 -331,4645307912 8,90 -331,5782527068 8,90 -331,6540384163
9,00 -331,4645307301 9,00 -331,5782526448 9,00 -331,6540383539
9,10 -331,4645306737 9,10 -331,5782525876 9,10 -331,6540382963
9,20 -331,4645306215 9,20 -331,5782525347 9,20 -331,6540382432
9,30 -331,4645305733 9,30 -331,5782524858 9,30 -331,654038194
9,40 -331,4645305286 9,40 -331,5782524406 9,40 -331,6540381486
9,50 -331,4645304873 9,50 -331,5782523987 9,50 -331,6540381065
9,60 -331,4645304489 9,60 -331,5782523599 9,60 -331,6540380674
9,70 -331,4645304133 9,70 -331,5782523239 9,70 -331,6540380313
9,80 -331,4645303803 9,80 -331,5782522905 9,80 -331,6540379977
9,90 -331,4645303496 9,90 -331,5782522594 9,90 -331,6540379664
10,00 -331,464530321 10,00 -331,5782522305 10,00 -331,6540379374
10,10 -331,4645302943 10,10 -331,5782522036 10,10 -331,6540379104
10,20 -331,4645302696 10,20 -331,5782521786 10,20 -331,6540378852
100
10,30 -331,4645302464 10,30 -331,5782521552 10,30 -331,6540378618
10,40 -331,4645302249 10,40 -331,5782521335 10,40 -331,6540378399
10,50 -331,4645302047 10,50 -331,5782521132 10,50 -331,6540378195
10,60 -331,4645301859 10,60 -331,5782520942 10,60 -331,6540378005
10,70 -331,4645301683 10,70 -331,5782520764 10,70 -331,6540377827
10,80 -331,4645301519 10,80 -331,5782520598 10,80 -331,654037766
10,90 -331,4645301365 10,90 -331,5782520443 10,90 -331,6540377504
11,00 -331,464530122 11,00 -331,5782520298 11,00 -331,6540377358
11,10 -331,4645301085 11,10 -331,5782520161 11,10 -331,6540377222
11,20 -331,4645300958 11,20 -331,5782520034 11,20 -331,6540377093
11,30 -331,4645300839 11,30 -331,5782519914 11,30 -331,6540376973
11,40 -331,4645300728 11,40 -331,5782519801 11,40 -331,654037686
11,50 -331,4645300623 11,50 -331,5782519696 11,50 -331,6540376754
11,60 -331,4645300524 11,60 -331,5782519596 11,60 -331,6540376654
11,70 -331,4645300431 11,70 -331,5782519503 11,70 -331,6540376561
11,80 -331,4645300344 11,80 -331,5782519415 11,80 -331,6540376473
11,90 -331,4645300261 11,90 -331,5782519332 11,90 -331,654037639
12,00 -331,4645300184 12,00 -331,5782519254 12,00 -331,6540376311
Tabela 5.6: Sistema diatoˆmico He-Rn
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
3,00 -290,7123992045 3,00 -290,8478632322 3,00 -290,9433623324
3,10 -290,7131963628 3,10 -290,8486121173 3,10 -290,9440902255
3,20 -290,7137577573 3,20 -290,8491356538 3,20 -290,9445970548
3,30 -290,7141499776 3,30 -290,8494981805 3,30 -290,9449464576
3,40 -290,7144214339 3,40 -290,8497463281 3,40 -290,9451844069
3,50 -290,7146071653 3,50 -290,8499137425 3,50 -290,9453439816
3,60 -290,7147324221 3,60 -290,850024585 3,60 -290,9454488312
3,70 -290,7148153182 3,70 -290,8500961258 3,70 -290,9455157908
3,80 -290,7148687855 3,80 -290,8501406268 3,80 -290,9455567762
101
3,90 -290,7149020063 3,90 -290,850166749 3,90 -290,9455801766
4,00 -290,7149214607 4,00 -290,8501805605 4,00 -290,9455918668
4,10 -290,7149316606 4,10 -290,850186314 4,01 -290,9455925629
4,20 -290,7149358255 4,11 -290,8501865677 4,02 -290,9455931847
4,21 -290,7149360011 4,12 -290,8501867714 4,03 -290,9455937376
4,22 -290,7149361384 4,13 -290,8501869287 4,04 -290,9455942247
4,23 -290,7149362408 4,14 -290,8501870418 4,05 -290,9455946467
4,24 -290,7149363099 4,15 -290,8501871129 4,06 -290,9455950127
4,25 -290,7149363473 4,16 -290,850187144 4,07 -290,9455953193
4,26 -290,7149363545 4,17 -290,8501871371 4,08 -290,9455955712
4,27 -290,7149363329 4,18 -290,8501870939 4,09 -290,9455957709
4,28 -290,714936284 4,19 -290,8501870163 4,10 -290,9455959208
4,29 -290,714936209 4,20 -290,850186906 4,11 -290,9455960231
4,30 -290,7149361092 4,21 -290,8501867646 4,12 -290,9455960802
4,31 -290,7149359858 4,22 -290,8501865937 4,13 -290,9455960943
4,32 -290,7149358401 4,23 -290,8501863947 4,14 -290,9455960672
4,33 -290,7149356731 4,24 -290,8501861692 4,15 -290,9455959909
4,34 -290,714935486 4,25 -290,8501859186 4,16 -290,9455958894
4,35 -290,7149352798 4,26 -290,8501856442 4,17 -290,9455957512
4,36 -290,7149350555 4,27 -290,8501853474 4,18 -290,9455955797
4,37 -290,7149348141 4,28 -290,8501850293 4,19 -290,9455953764
4,38 -290,7149345566 4,29 -290,8501846911 4,20 -290,945595143
4,39 -290,7149342837 4,30 -290,850184334 4,21 -290,9455948811
4,40 -290,7149339964 4,40 -290,8501799392 4,22 -290,945594592
4,50 -290,7149304982 4,50 -290,850174624 4,23 -290,9455942775
4,60 -290,7149263021 4,60 -290,8501689588 4,24 -290,9455939387
4,70 -290,7149218024 4,70 -290,850163314 4,25 -290,9455935772
4,80 -290,7149173009 4,80 -290,8501578939 4,30 -290,945591478
4,90 -290,7149129662 4,90 -290,8501528281 4,40 -290,9455861895
5,00 -290,7149088952 5,00 -290,8501481749 4,50 -290,9455801348
5,10 -290,7149051361 5,10 -290,8501439514 4,60 -290,9455738709
5,20 -290,7149017066 5,20 -290,8501401516 4,70 -290,9455677184
102
5,30 -290,7148986042 5,30 -290,8501367521 4,80 -290,9455618885
5,40 -290,7148958146 5,40 -290,8501337237 4,90 -290,945556487
5,50 -290,7148933172 5,50 -290,8501310337 5,00 -290,9455515596
5,60 -290,7148910877 5,60 -290,8501286504 5,10 -290,9455471295
5,70 -290,7148891018 5,70 -290,8501265374 5,20 -290,9455431427
5,80 -290,7148873339 5,80 -290,8501246662 5,30 -290,9455395978
5,90 -290,7148857614 5,90 -290,8501230083 5,40 -290,9455364505
6,00 -290,714884362 6,00 -290,8501215388 5,50 -290,9455336638
6,10 -290,7148831173 6,10 -290,8501202351 5,60 -290,9455311993
6,20 -290,7148820089 6,20 -290,8501190773 5,70 -290,9455290213
6,30 -290,714881021 6,30 -290,8501180478 5,80 -290,9455270967
6,40 -290,7148801395 6,40 -290,8501171311 5,90 -290,945525395
6,50 -290,714879352 6,50 -290,8501163138 6,00 -290,9455238895
6,60 -290,7148786475 6,60 -290,8501155839 6,10 -290,9455225561
6,70 -290,7148780164 6,70 -290,8501149311 6,20 -290,9455213737
6,80 -290,7148774504 6,80 -290,8501143464 6,30 -290,9455203238
6,90 -290,7148769418 6,90 -290,8501138218 6,40 -290,94551939
7,00 -290,7148764824 7,00 -290,8501133504 6,50 -290,9455185584
7,10 -290,7148760721 7,10 -290,8501129262 6,60 -290,9455178165
7,20 -290,7148756999 7,20 -290,8501125438 6,70 -290,9455171536
7,30 -290,7148753638 7,30 -290,8501121986 6,80 -290,9455165603
7,40 -290,7148750596 7,40 -290,8501118866 6,90 -290,9455160284
7,50 -290,714874784 7,50 -290,850111604 7,00 -290,9455155508
7,60 -290,7148745339 7,60 -290,8501113479 7,10 -290,9455151211
7,70 -290,7148743066 7,70 -290,8501111153 7,20 -290,9455147342
7,80 -290,7148740999 7,80 -290,8501109039 7,30 -290,9455143852
7,90 -290,7148739115 7,90 -290,8501107114 7,40 -290,9455140697
8,00 -290,7148737397 8,00 -290,8501105359 7,50 -290,9455137843
8,10 -290,7148735829 8,10 -290,8501103757 7,60 -290,9455135256
8,20 -290,7148734394 8,20 -290,8501102294 7,70 -290,9455132908
8,30 -290,7148733081 8,30 -290,8501100955 7,80 -290,9455130774
8,40 -290,7148731878 8,40 -290,8501099729 7,90 -290,9455128833
103
8,50 -290,7148730774 8,50 -290,8501098604 8,00 -290,9455127063
8,60 -290,714872976 8,60 -290,8501097573 8,10 -290,9455125449
8,70 -290,7148728828 8,70 -290,8501096624 8,20 -290,9455123975
8,80 -290,714872797 8,80 -290,8501095751 8,30 -290,9455122626
8,90 -290,714872718 8,90 -290,8501094947 8,40 -290,9455121391
9,00 -290,7148726451 9,00 -290,8501094206 8,50 -290,9455120258
9,10 -290,7148725778 9,10 -290,8501093522 8,60 -290,9455119219
9,20 -290,7148725157 9,20 -290,8501092891 8,70 -290,9455118265
9,30 -290,7148724582 9,30 -290,8501092308 8,80 -290,9455117386
9,40 -290,714872405 9,40 -290,8501091768 8,90 -290,9455116578
9,50 -290,7148723557 9,50 -290,8501091268 9,00 -290,9455115833
9,60 -290,71487231 9,60 -290,8501090804 9,10 -290,9455115146
9,70 -290,7148722675 9,70 -290,8501090375 9,20 -290,9455114511
9,80 -290,7148722281 9,80 -290,8501089976 9,30 -290,9455113925
9,90 -290,7148721915 9,90 -290,8501089605 9,40 -290,9455113382
10,00 -290,7148721575 10,00 -290,850108926 9,50 -290,945511288
10,10 -290,7148721258 10,10 -290,8501088939 9,60 -290,9455112414
10,20 -290,7148720962 10,20 -290,850108864 9,70 -290,9455111983
10,30 -290,7148720687 10,30 -290,8501088362 9,80 -290,9455111582
10,40 -290,714872043 10,40 -290,8501088102 9,90 -290,945511121
10,50 -290,714872019 10,50 -290,850108786 10,00 -290,9455110864
10,60 -290,7148719966 10,60 -290,8501087633 10,10 -290,9455110542
10,70 -290,7148719757 10,70 -290,8501087422 10,20 -290,9455110241
10,80 -290,7148719561 10,80 -290,8501087223 10,30 -290,9455109962
10,90 -290,7148719377 10,90 -290,8501087038 10,40 -290,9455109701
11,00 -290,7148719206 11,00 -290,8501086865 10,50 -290,9455109458
11,10 -290,7148719045 11,10 -290,8501086703 10,60 -290,9455109231
11,20 -290,7148718894 11,20 -290,850108655 10,70 -290,9455109019
11,30 -290,7148718752 11,30 -290,8501086407 10,80 -290,945510882
11,40 -290,7148718619 11,40 -290,8501086273 10,90 -290,9455108634
11,50 -290,7148718494 11,50 -290,8501086147 11,00 -290,945510846
11,60 -290,7148718376 11,60 -290,8501086028 11,10 -290,9455108298
104
11,70 -290,7148718266 11,70 -290,8501085917 11,20 -290,9455108144
11,80 -290,7148718162 11,80 -290,8501085812 11,30 -290,9455108001
11,90 -290,7148718064 11,90 -290,8501085714 11,40 -290,9455107867






Tabela 5.7: Sistema diatoˆmico Ne-Ne
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
2,00 -257,6118694068 2,00 -257,6820198143 2,00 -257,707008897
2,10 -257,6170649418 2,10 -257,6870548539 2,10 -257,7119987964
2,20 -257,6203177747 2,20 -257,6901938001 2,20 -257,7150987484
2,30 -257,6223416811 2,30 -257,6921398026 2,30 -257,7170113403
2,40 -257,623589943 2,40 -257,6933366747 2,40 -257,7181803622
2,50 -257,6243505719 2,50 -257,6940645625 2,50 -257,7188858334
2,60 -257,6248066139 2,60 -257,6945001539 2,60 -257,7193040528
2,70 -257,625074242 2,70 -257,6947547138 2,70 -257,7195456632
2,80 -257,6252268065 2,80 -257,6948981519 2,80 -257,7196797777
2,90 -257,6253101936 2,90 -257,6949742693 2,90 -257,7197493572
3,00 -257,6253527268 3,00 -257,6950104078 3,00 -257,7197809377
3,10 -257,6253716235 3,10 -257,695023394 3,10 -257,719790783
3,11 -257,6253726538 3,11 -257,6950238655 3,11 -257,7197909923
3,12 -257,6253735626 3,12 -257,6950242237 3,12 -257,7197910782
3,13 -257,625374355 3,13 -257,695024468 3,13 -257,719791079
3,14 -257,625375039 3,14 -257,6950246106 3,14 -257,7197909824
3,15 -257,6253756208 3,15 -257,6950246569 3,15 -257,7197907972
3,16 -257,6253761065 3,16 -257,6950246133 3,16 -257,7197905288
105
3,17 -257,6253765018 3,17 -257,6950244854 3,17 -257,7197901821
3,18 -257,6253768122 3,18 -257,6950242792 3,18 -257,7197897636
3,19 -257,6253770428 3,19 -257,6950239998 3,19 -257,7197892779
3,20 -257,6253771986 3,20 -257,6950236522 3,20 -257,7197887294
3,21 -257,6253772841 3,21 -257,6950232411 3,21 -257,7197881231
3,22 -257,6253773038 3,22 -257,6950227712 3,22 -257,7197874628
3,23 -257,6253772618 3,23 -257,6950222466 3,23 -257,7197867526
3,24 -257,625377162 3,24 -257,6950216714 3,24 -257,7197859964
3,25 -257,6253770083 3,25 -257,6950210494 3,25 -257,7197851976
3,26 -257,625376804 3,26 -257,6950203843 3,26 -257,7197843596
3,27 -257,6253765526 3,27 -257,6950196794 3,27 -257,7197834861
3,28 -257,6253762573 3,28 -257,695018938 3,28 -257,7197825798
3,29 -257,625375921 3,29 -257,6950181632 3,29 -257,7197816437
3,30 -257,6253755459 3,30 -257,6950173573 3,30 -257,7197806775
3,40 -257,6253702307 3,40 -257,695008154 3,40 -257,7197700535
3,50 -257,6253633078 3,50 -257,6949980877 3,50 -257,7197588001
3,60 -257,6253559391 3,60 -257,6949882487 3,60 -257,7197479208
3,70 -257,6253487589 3,70 -257,6949791655 3,70 -257,719737951
3,80 -257,6253420916 3,80 -257,6949710455 3,80 -257,7197290767
3,90 -257,6253360795 3,90 -257,6949639263 3,90 -257,7197212947
4,00 -257,6253307603 4,00 -257,6949577574 4,00 -257,7197146111
4,10 -257,6253261119 4,10 -257,6949524504 4,10 -257,7197089112
4,20 -257,6253220827 4,20 -257,6949479023 4,20 -257,7197040251
4,30 -257,6253186103 4,30 -257,6949440178 4,30 -257,7196998692
4,40 -257,6253156278 4,40 -257,6949406944 4,40 -257,7196963295
4,50 -257,625313064 4,50 -257,6949378498 4,50 -257,7196933191
4,60 -257,6253108659 4,60 -257,6949354206 4,60 -257,7196907522
4,70 -257,6253089769 4,70 -257,6949333357 4,70 -257,7196885788
4,80 -257,6253073526 4,80 -257,6949315487 4,80 -257,7196866825
4,90 -257,6253059431 4,90 -257,6949300099 4,90 -257,7196850708
5,00 -257,6253047432 5,00 -257,6949286825 5,00 -257,7196836837
5,10 -257,6253036939 5,10 -257,6949275356 5,10 -257,7196824865
106
5,20 -257,625302783 5,20 -257,6949265398 5,20 -257,7196814493
5,30 -257,6253019907 5,30 -257,6949256742 5,30 -257,7196805492
5,40 -257,625301299 5,40 -257,6949249202 5,40 -257,7196797654
5,50 -257,625300694 5,50 -257,6949242612 5,50 -257,7196790814
5,60 -257,6253001637 5,60 -257,6949236848 5,60 -257,7196784832
5,70 -257,6252996966 5,70 -257,6949231771 5,70 -257,7196779575
5,80 -257,6252992859 5,80 -257,6949227305 5,80 -257,7196774954
5,90 -257,6252989229 5,90 -257,6949223366 5,90 -257,7196770879
6,00 -257,6252986018 6,00 -257,6949219882 6,00 -257,7196767279
6,10 -257,6252983175 6,10 -257,6949216802 6,10 -257,7196764095
6,20 -257,6252980638 6,20 -257,6949214053 6,20 -257,7196761262
6,30 -257,6252978387 6,30 -257,6949211609 6,30 -257,7196758744
6,40 -257,6252976375 6,40 -257,6949209432 6,40 -257,7196756501
6,50 -257,6252974574 6,50 -257,6949207486 6,50 -257,7196754498
6,60 -257,6252972973 6,60 -257,6949205752 6,60 -257,7196752709
6,70 -257,6252971523 6,70 -257,6949204184 6,70 -257,71967511
6,80 -257,6252970229 6,80 -257,6949202778 6,80 -257,7196749658
6,90 -257,6252969059 6,90 -257,6949201516 6,90 -257,7196748361
7,00 -257,6252968007 7,00 -257,6949200378 7,00 -257,7196747193
7,10 -257,625296706 7,10 -257,6949199358 7,10 -257,7196746142
7,20 -257,6252966193 7,20 -257,6949198424 7,20 -257,7196745186
7,30 -257,6252965417 7,30 -257,6949197581 7,30 -257,7196744324
7,40 -257,6252964709 7,40 -257,6949196819 7,40 -257,7196743543
7,50 -257,6252964068 7,50 -257,6949196126 7,50 -257,7196742834
7,60 -257,6252963488 7,60 -257,6949195505 7,60 -257,7196742193
7,70 -257,6252962951 7,70 -257,6949194927 7,70 -257,7196741604
7,80 -257,6252962469 7,80 -257,6949194402 7,80 -257,719674107
7,90 -257,6252962025 7,90 -257,6949193925 7,90 -257,7196740582
8,00 -257,6252961621 8,00 -257,694919349 8,00 -257,7196740137
8,10 -257,6252961255 8,10 -257,6949193099 8,10 -257,7196739734
8,20 -257,625296091 8,20 -257,6949192729 8,20 -257,7196739358
8,30 -257,6252960602 8,30 -257,6949192392 8,30 -257,7196739016
107
8,40 -257,6252960315 8,40 -257,6949192085 8,40 -257,7196738703
8,50 -257,6252960054 8,50 -257,6949191803 8,50 -257,7196738415
8,60 -257,6252959816 8,60 -257,6949191551 8,60 -257,7196738153
8,70 -257,6252959588 8,70 -257,6949191307 8,70 -257,7196737906
8,80 -257,6252959386 8,80 -257,6949191084 8,80 -257,7196737682
8,90 -257,6252959196 8,90 -257,6949190881 8,90 -257,7196737475
9,00 -257,6252959022 9,00 -257,6949190693 9,00 -257,7196737284
9,10 -257,625295886 9,10 -257,694919052 9,10 -257,7196737107
9,20 -257,6252958711 9,20 -257,6949190359 9,20 -257,7196736944
9,30 -257,6252958573 9,30 -257,6949190211 9,30 -257,7196736792
9,40 -257,6252958445 9,40 -257,6949190074 9,40 -257,7196736652
9,50 -257,6252958326 9,50 -257,6949189947 9,50 -257,7196736523
9,60 -257,6252958216 9,60 -257,6949189828 9,60 -257,7196736402
9,70 -257,6252958113 9,70 -257,6949189719 9,70 -257,7196736294
9,80 -257,6252958018 9,80 -257,6949189616 9,80 -257,7196736186
9,90 -257,625295793 9,90 -257,6949189521 9,90 -257,719673609
10,00 -257,6252957851 10,00 -257,6949189441 10,00 -257,7196735999
10,10 -257,6252957768 10,10 -257,6949189353 10,10 -257,7196735915
10,20 -257,62529577 10,20 -257,6949189273 10,20 -257,7196735837
10,30 -257,6252957631 10,30 -257,6949189201 10,30 -257,7196735764
10,40 -257,625295757 10,40 -257,6949189134 10,40 -257,7196735696
10,50 -257,6252957511 10,50 -257,6949189071 10,50 -257,7196735632
10,60 -257,6252957456 10,60 -257,6949189013 10,60 -257,7196735573
10,70 -257,6252957405 10,70 -257,6949188959 10,70 -257,7196735521
10,80 -257,6252957357 10,80 -257,6949188908 10,80 -257,7196735465
10,90 -257,6252957312 10,90 -257,694918886 10,90 -257,7196735418
11,00 -257,6252957271 11,00 -257,6949188815 11,00 -257,7196735371
11,10 -257,6252957231 11,10 -257,6949188773 11,10 -257,7196735288
11,20 -257,6252957194 11,20 -257,6949188733 11,20 -257,7196735251
11,30 -257,625295716 11,30 -257,6949188696 11,30 -257,7196735215
11,40 -257,6252957127 11,40 -257,6949188661 11,40 -257,7196735182
11,50 -257,6252957096 11,50 -257,6949188628 11,50 -257,7196735182
108
11,60 -257,6252957068 11,60 -257,6949188598 11,60 -257,719673515
11,70 -257,625295704 11,70 -257,6949188569 11,70 -257,7196735124
11,80 -257,6252957015 11,80 -257,6949188541 11,80 -257,7196735093
11,90 -257,6252956991 11,90 -257,6949188515 11,90 -257,7196735068
12,00 -257,6252956968 12,00 -257,6949188491 12,00 -257,7196735042
12,10 -257,719673502
Tabela 5.8: Sistema diatoˆmico Ne-Ar
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
2,00 -655,8050327061 2,00 -655,8678603251 2,00 -655,8893126982
2,10 -655,8236249726 2,10 -655,88601833 2,10 -655,9073121981
2,20 -655,8362748133 2,20 -655,8983450195 2,20 -655,9195170341
2,30 -655,8448304895 2,30 -655,9066625598 2,30 -655,9277406831
2,40 -655,8505829819 2,40 -655,9122399805 2,40 -655,9332456317
2,50 -655,8544270942 2,50 -655,915954759 2,50 -655,9369043991
2,60 -655,8569788477 2,60 -655,918410063 2,60 -655,9393164205
2,70 -655,8586597734 2,70 -655,9200182925 2,70 -655,9408912847
2,80 -655,8597568138 2,80 -655,9210600272 2,80 -655,9419073953
2,90 -655,8604644287 2,90 -655,9217253059 2,90 -655,9425530861
3,00 -655,8609139005 3,00 -655,9221422508 3,00 -655,9429550836
3,10 -655,8611935249 3,10 -655,9223968202 3,10 -655,9431982677
3,20 -655,8613624388 3,20 -655,9225463902 3,20 -655,9433391595
3,30 -655,8614600346 3,30 -655,9226289673 3,30 -655,9434150739
3,40 -655,8615124007 3,40 -655,9226695916 3,40 -655,9434505196
3,50 -655,8615366575 3,41 -655,9226720234 3,41 -655,9434524955
3,51 -655,8615380045 3,42 -655,9226742259 3,42 -655,9434542561
3,52 -655,8615391943 3,43 -655,9226762014 3,43 -655,9434558001
3,53 -655,8615402341 3,44 -655,9226779612 3,44 -655,9434571384
3,54 -655,8615411319 3,45 -655,9226795164 3,45 -655,9434582818
3,55 -655,861541895 3,46 -655,9226808776 3,46 -655,9434592404
109
3,56 -655,8615425305 3,47 -655,922682055 3,47 -655,9434600242
3,57 -655,8615430453 3,48 -655,9226830583 3,48 -655,9434606425
3,58 -655,8615434459 3,49 -655,9226838967 3,49 -655,9434611041
3,59 -655,8615437385 3,50 -655,922684579 3,50 -655,9434614178
3,60 -655,8615439291 3,51 -655,9226851133 3,51 -655,9434615916
3,61 -655,8615440233 3,52 -655,9226855079 3,52 -655,9434616333
3,62 -655,8615440254 3,53 -655,9226857702 3,53 -655,9434615505
3,63 -655,8615439428 3,54 -655,9226859076 3,54 -655,9434613502
3,64 -655,8615437795 3,55 -655,9226859355 3,55 -655,9434610393
3,65 -655,86154354 3,56 -655,9226858437 3,56 -655,9434606242
3,66 -655,8615432308 3,57 -655,9226856472 3,57 -655,9434601112
3,67 -655,8615428523 3,58 -655,922685352 3,58 -655,9434595062
3,68 -655,8615424107 3,59 -655,922684964 3,59 -655,9434588148
3,69 -655,8615419096 3,60 -655,9226844787 3,60 -655,9434580454
3,70 -655,8615413519 3,70 -655,922675989 3,70 -655,9434468857
3,80 -655,8615334293 3,80 -655,9226632845 3,80 -655,9434319953
3,90 -655,8615229477 3,90 -655,9226489263 3,90 -655,9434158345
4,00 -655,8615115852 4,00 -655,9226344165 4,00 -655,9433998281
4,10 -655,8615003146 4,10 -655,9226205859 4,10 -655,9433847453
4,20 -655,8614896654 4,20 -655,9226078709 4,20 -655,943370986
4,30 -655,8614798975 4,30 -655,922596424 4,30 -655,9433586739
4,40 -655,8614711048 4,40 -655,9225862717 4,40 -655,9433478036
4,50 -655,8614632879 4,50 -655,922577353 4,50 -655,9433382774
4,60 -655,8614563958 4,60 -655,9225695611 4,60 -655,9433300147
4,70 -655,8614503519 4,70 -655,9225627938 4,70 -655,9433228359
4,80 -655,861445068 4,80 -655,922556916 4,80 -655,9433166295
4,90 -655,861440459 4,90 -655,9225518194 4,90 -655,943311264
5,00 -655,8614364412 5,00 -655,9225474022 5,00 -655,9433066318
5,10 -655,8614329386 5,10 -655,9225435615 5,10 -655,9433026127
5,20 -655,8614298831 5,20 -655,9225402339 5,20 -655,943299137
5,30 -655,8614272196 5,30 -655,9225373368 5,30 -655,9432961164
5,40 -655,861424892 5,40 -655,9225348124 5,40 -655,9432934905
110
5,50 -655,8614228552 5,50 -655,9225326081 5,50 -655,9432912019
5,60 -655,8614210713 5,60 -655,9225306765 5,60 -655,9432892014
5,70 -655,8614194956 5,70 -655,922528989 5,70 -655,9432874536
5,80 -655,8614181179 5,80 -655,922527503 5,80 -655,9432859174
5,90 -655,8614169019 5,90 -655,9225261881 5,90 -655,943284567
6,00 -655,8614158277 6,00 -655,9225250348 6,00 -655,9432833763
6,10 -655,8614148782 6,10 -655,9225240149 6,10 -655,9432823231
6,20 -655,8614140331 6,20 -655,922523115 6,20 -655,9432813934
6,30 -655,8614132822 6,30 -655,9225223104 6,30 -655,9432805664
6,40 -655,8614126131 6,40 -655,9225215949 6,40 -655,9432798315
6,50 -655,8614120161 6,50 -655,9225209568 6,50 -655,9432791766
6,60 -655,8614114826 6,60 -655,9225203824 6,60 -655,9432785911
6,70 -655,8614110039 6,70 -655,922519877 6,70 -655,9432780693
6,80 -655,8614105742 6,80 -655,9225194193 6,80 -655,9432776004
6,90 -655,8614101883 6,90 -655,9225190085 6,90 -655,9432771798
7,00 -655,8614098411 7,00 -655,9225186388 7,00 -655,9432768016
7,10 -655,8614095294 7,10 -655,9225183014 7,10 -655,9432764603
7,20 -655,8614092461 7,20 -655,9225180052 7,20 -655,9432761537
7,30 -655,8614089905 7,30 -655,9225177332 7,30 -655,9432758758
7,40 -655,8614087587 7,40 -655,9225174871 7,40 -655,9432756245
7,50 -655,8614085485 7,50 -655,9225172639 7,50 -655,9432753967
7,60 -655,861408358 7,60 -655,922517057 7,60 -655,9432751894
7,70 -655,8614081837 7,70 -655,9225168773 7,70 -655,9432750023
7,80 -655,8614080257 7,80 -655,9225167093 7,80 -655,9432748311
7,90 -655,8614078813 7,90 -655,9225165564 7,90 -655,9432746754
8,00 -655,8614077497 8,00 -655,9225164169 8,00 -655,9432745332
8,10 -655,8614076297 8,10 -655,9225162851 8,10 -655,9432744028
8,20 -655,8614075194 8,20 -655,9225161728 8,20 -655,9432742848
8,30 -655,8614074181 8,30 -655,9225160658 8,30 -655,9432741758
8,40 -655,8614073253 8,40 -655,9225159678 8,40 -655,9432740762
8,50 -655,8614072402 8,50 -655,9225158778 8,50 -655,9432739846
8,60 -655,8614071624 8,60 -655,9225157908 8,60 -655,9432739
111
8,70 -655,8614070595 8,70 -655,9225157192 8,70 -655,9432738235
8,80 -655,8614069934 8,80 -655,922515649 8,80 -655,9432737521
8,90 -655,8614069321 8,90 -655,9225155844 8,90 -655,9432736865
9,00 -655,8614068757 9,00 -655,9225155248 9,00 -655,943273626
9,10 -655,8614068236 9,10 -655,9225154698 9,10 -655,9432735702
9,20 -655,8614067754 9,20 -655,9225154189 9,20 -655,9432735185
9,30 -655,8614067308 9,30 -655,9225153719 9,30 -655,9432734708
9,40 -655,8614066894 9,40 -655,9225153283 9,40 -655,9432734266
9,50 -655,8614066511 9,50 -655,9225152879 9,50 -655,9432733851
9,60 -655,8614066156 9,60 -655,9225152505 9,60 -655,9432733478
9,70 -655,8614065826 9,70 -655,9225152158 9,70 -655,9432733124
9,80 -655,8614065519 9,80 -655,9225151834 9,80 -655,9432732796
9,90 -655,8614065234 9,90 -655,9225151534 9,90 -655,9432732492
10,00 -655,8614064968 10,00 -655,9225151254 10,00 -655,9432732209
10,10 -655,8614064721 10,10 -655,9225150993 10,10 -655,9432731945
10,20 -655,8614064491 10,20 -655,9225150751 10,20 -655,9432731699
10,30 -655,8614064276 10,30 -655,9225150525 10,30 -655,943273147
10,40 -655,8614064075 10,40 -655,9225150314 10,40 -655,9432731256
10,50 -655,8614063888 10,50 -655,9225150116 10,50 -655,9432731051
10,60 -655,8614063713 10,60 -655,9225149932 10,60 -655,9432730872
10,70 -655,8614063549 10,70 -655,9225149761 10,70 -655,9432730696
10,80 -655,8614063395 10,80 -655,9225149599 10,80 -655,9432730533
10,90 -655,8614063252 10,90 -655,9225149448 10,90 -655,943273038
11,00 -655,8614063117 11,00 -655,9225149306 11,00 -655,9432730237
11,10 -655,8614062991 11,10 -655,9225149174 11,10 -655,9432730103
11,20 -655,8614062873 11,20 -655,9225149049 11,20 -655,9432729977
11,30 -655,8614062762 11,30 -655,9225148933 11,30 -655,9432729859
11,40 -655,8614062658 11,40 -655,9225148823 11,40 -655,9432729748
11,50 -655,8614062559 11,50 -655,922514872 11,50 -655,9432729644
11,60 -655,8614062467 11,60 -655,9225148623 11,60 -655,9432729548
11,70 -655,8614062381 11,70 -655,9225148533 11,70 -655,9432729454
11,80 -655,8614062299 11,80 -655,9225148447 11,80 -655,9432729368
112
11,90 -655,8614062222 11,90 -655,9225148366 11,90 -655,9432729286
12,00 -655,861406215 12,00 -655,922514829 12,00 -655,9432729209
12,10 -655,8614062081 12,10 -655,9225148218 12,10 -655,9432729136
Tabela 5.9: Sistema diatoˆmico Ne-Kr
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
2,00 -2881,0390193816 2,00 -2881,1517177885 2,00 -2881,2509783567
2,10 -2881,0653292905 2,10 -2881,1774068488 2,10 -2881,2764879683
2,20 -2881,0838167166 2,20 -2881,1954059443 2,20 -2881,2943352951
2,30 -2881,0967187344 2,30 -2881,2079379901 2,30 -2881,3067359739
2,40 -2881,105664658 2,40 -2881,2166121631 2,40 -2881,3152963688
2,50 -2881,1118283706 2,50 -2881,2225797018 2,50 -2881,3211674734
2,60 -2881,1160480379 2,60 -2881,2266579845 2,60 -2881,3251665618
2,70 -2881,1189175733 2,70 -2881,2294241875 2,70 -2881,3278700612
2,80 -2881,1208549061 2,80 -2881,231284207 2,80 -2881,3296817552
2,90 -2881,1221522529 2,90 -2881,2325220649 2,90 -2881,3308831791
3,00 -2881,1230127623 3,00 -2881,2333355543 3,00 -2881,3316696055
3,10 -2881,1235768829 3,10 -2881,2338616641 3,10 -2881,3321757326
3,20 -2881,1239411978 3,20 -2881,2341947679 3,20 -2881,3324941352
3,30 -2881,124171772 3,30 -2881,234399498 3,30 -2881,3326879689
3,40 -2881,1243135571 3,40 -2881,2345198837 3,40 -2881,3328001877
3,50 -2881,1243969975 3,50 -2881,234585677 3,50 -2881,3328597552
3,60 -2881,124442588 3,60 -2881,2346168396 3,60 -2881,3328860488
3,70 -2881,1244640551 3,61 -2881,2346186077 3,61 -2881,3328874055
3,71 -2881,1244652563 3,62 -2881,2346201745 3,62 -2881,3328885296
3,72 -2881,1244663187 3,63 -2881,2346215514 3,63 -2881,3328895216
3,73 -2881,1244672474 3,64 -2881,2346227477 3,64 -2881,3328902947
3,74 -2881,1244680492 3,65 -2881,2346237727 3,65 -2881,3328909279
3,75 -2881,1244687304 3,66 -2881,2346246349 3,66 -2881,3328914069
3,76 -2881,1244692969 3,67 -2881,2346253426 3,67 -2881,3328917394
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3,77 -2881,1244697545 3,68 -2881,234625904 3,68 -2881,3328919332
3,78 -2881,1244701088 3,69 -2881,2346263266 3,69 -2881,3328919956
3,79 -2881,1244703651 3,70 -2881,2346266177 3,70 -2881,3328919335
3,80 -2881,1244705283 3,71 -2881,2346267844 3,71 -2881,3328917539
3,81 -2881,1244706034 3,72 -2881,2346268333 3,72 -2881,3328914632
3,82 -2881,1244705951 3,73 -2881,2346267709 3,73 -2881,332891068
3,83 -2881,1244705077 3,74 -2881,2346266032 3,74 -2881,3328905737
3,84 -2881,1244703455 3,75 -2881,2346263361 3,75 -2881,3328899862
3,85 -2881,1244701127 3,76 -2881,2346259753 3,76 -2881,3328893111
3,86 -2881,124469813 3,77 -2881,2346255245 3,77 -2881,3328885534
3,87 -2881,1244694505 3,78 -2881,2346249924 3,78 -2881,3328877182
3,88 -2881,1244690307 3,79 -2881,2346243819 3,79 -2881,33288681
3,89 -2881,1244685524 3,80 -2881,2346236958 3,80 -2881,3328858552
3,90 -2881,1244680204 3,90 -2881,2346136859 3,90 -2881,3328731955
4,00 -2881,1244604357 4,00 -2881,2346001444 4,00 -2881,3328574246
4,10 -2881,1244502854 4,10 -2881,2345852553 4,10 -2881,3328406531
4,20 -2881,1244391246 4,20 -2881,23457034 4,20 -2881,3328241782
4,30 -2881,1244279053 4,30 -2881,2345561327 4,30 -2881,3328086325
4,40 -2881,1244171697 4,40 -2881,234543016 4,40 -2881,3327944197
4,50 -2881,1244072087 4,50 -2881,2345311483 4,50 -2881,3327816301
4,60 -2881,1243981472 4,60 -2881,234520554 4,60 -2881,3327702689
4,70 -2881,1243900185 4,70 -2881,2345111842 4,70 -2881,3327602811
4,80 -2881,1243827899 4,80 -2881,2345029456 4,80 -2881,3327515271
4,90 -2881,1243764009 4,90 -2881,2344957305 4,90 -2881,3327438832
5,00 -2881,1243707771 5,00 -2881,2344894268 5,00 -2881,3327372364
5,10 -2881,1243658377 5,10 -2881,2344839248 5,10 -2881,332731461
5,20 -2881,1243615081 5,20 -2881,2344791288 5,20 -2881,3327264377
5,30 -2881,1243577117 5,30 -2881,2344749386 5,30 -2881,3327220619
5,40 -2881,1243543827 5,40 -2881,2344712846 5,40 -2881,3327182504
5,50 -2881,1243514609 5,50 -2881,2344680903 5,50 -2881,3327149258
5,60 -2881,1243488956 5,60 -2881,2344652947 5,60 -2881,3327120186
5,70 -2881,12434664 5,70 -2881,234462842 5,70 -2881,3327094778
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5,80 -2881,1243446538 5,80 -2881,2344606888 5,80 -2881,3327072468
5,90 -2881,1243428937 5,90 -2881,2344587932 5,90 -2881,332705286
6,00 -2881,1243413473 6,00 -2881,2344571215 6,00 -2881,3327035589
6,10 -2881,1243399821 6,10 -2881,2344556424 6,10 -2881,3327020323
6,20 -2881,1243387622 6,20 -2881,2344543299 6,20 -2881,332700686
6,30 -2881,1243376837 6,30 -2881,2344531771 6,30 -2881,3326994902
6,40 -2881,1243367221 6,40 -2881,2344521448 6,40 -2881,3326984283
6,50 -2881,1243358654 6,50 -2881,2344512255 6,50 -2881,3326974831
6,60 -2881,1243351008 6,60 -2881,234450401 6,60 -2881,3326966381
6,70 -2881,1243344149 6,70 -2881,2344496713 6,70 -2881,3326958876
6,80 -2881,1243338001 6,80 -2881,2344490139 6,80 -2881,3326952128
6,90 -2881,1243332477 6,90 -2881,234448424 6,90 -2881,3326946082
7,00 -2881,1243327509 7,00 -2881,2344478938 7,00 -2881,332694065
7,10 -2881,1243323032 7,10 -2881,2344474123 7,10 -2881,3326935738
7,20 -2881,1243318983 7,20 -2881,2344469857 7,20 -2881,332693136
7,30 -2881,1243315333 7,30 -2881,2344465966 7,30 -2881,3326927374
7,40 -2881,1243312025 7,40 -2881,2344462447 7,40 -2881,3326923777
7,50 -2881,1243309029 7,50 -2881,2344459258 7,50 -2881,3326920518
7,60 -2881,1243306314 7,60 -2881,2344456324 7,60 -2881,3326917541
7,70 -2881,1243303838 7,70 -2881,2344453735 7,70 -2881,3326914886
7,80 -2881,124330159 7,80 -2881,2344451344 7,80 -2881,3326912436
7,90 -2881,1243299537 7,90 -2881,2344449164 7,90 -2881,3326910215
8,00 -2881,1243297664 8,00 -2881,2344447176 8,00 -2881,3326908187
8,10 -2881,1243295953 8,10 -2881,2344445321 8,10 -2881,3326906314
8,20 -2881,1243294385 8,20 -2881,23444437 8,20 -2881,3326904651
8,30 -2881,1243292954 8,30 -2881,2344442181 8,30 -2881,3326903094
8,40 -2881,1243291639 8,40 -2881,2344440787 8,40 -2881,3326901677
8,50 -2881,1243290432 8,50 -2881,2344439509 8,50 -2881,3326900375
8,60 -2881,1243289323 8,60 -2881,2344438295 8,60 -2881,3326899158
8,70 -2881,12432883 8,70 -2881,2344437254 8,70 -2881,3326898088
8,80 -2881,1243287364 8,80 -2881,2344436261 8,80 -2881,3326897069
8,90 -2881,1243286497 8,90 -2881,2344435345 8,90 -2881,3326896139
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9,00 -2881,1243285699 9,00 -2881,23444345 9,00 -2881,332689528
9,10 -2881,1243284961 9,10 -2881,234443372 9,10 -2881,3326894465
9,20 -2881,1243284279 9,20 -2881,2344433 9,20 -2881,3326893759
9,30 -2881,1243283648 9,30 -2881,2344432333 9,30 -2881,3326893077
9,40 -2881,1243283064 9,40 -2881,2344431716 9,40 -2881,3326892451
9,50 -2881,1243282522 9,50 -2881,2344431145 9,50 -2881,332689187
9,60 -2881,124328202 9,60 -2881,2344430615 9,60 -2881,332689131
9,70 -2881,1243281552 9,70 -2881,2344430123 9,70 -2881,3326890835
9,80 -2881,1243281121 9,80 -2881,2344429666 9,80 -2881,3326890368
9,90 -2881,1243280718 9,90 -2881,2344429241 9,90 -2881,3326889938
10,00 -2881,1243280343 10,00 -2881,2344428846 10,00 -2881,3326889537
10,10 -2881,1243279994 10,10 -2881,2344428478 10,10 -2881,3326889141
10,20 -2881,1243279669 10,20 -2881,2344428135 10,20 -2881,3326888817
10,30 -2881,1243279365 10,30 -2881,2344427816 10,30 -2881,3326888492
10,40 -2881,1243279082 10,40 -2881,2344427518 10,40 -2881,332688819
10,50 -2881,1243278818 10,50 -2881,234442724 10,50 -2881,3326887907
10,60 -2881,1243278571 10,60 -2881,2344426979 10,60 -2881,3326887622
10,70 -2881,1243278339 10,70 -2881,2344426736 10,70 -2881,3326887399
10,80 -2881,1243278124 10,80 -2881,2344426509 10,80 -2881,3326887167
10,90 -2881,1243277921 10,90 -2881,2344426296 10,90 -2881,3326886951
11,00 -2881,1243277732 11,00 -2881,2344426097 11,00 -2881,3326886749
11,10 -2881,1243277554 11,10 -2881,234442591 11,10 -2881,3326886538
11,20 -2881,1243277387 11,20 -2881,2344425734 11,20 -2881,3326886384
11,30 -2881,1243277231 11,30 -2881,234442557 11,30 -2881,3326886215
11,40 -2881,1243277084 11,40 -2881,2344425415 11,40 -2881,3326886059
11,50 -2881,1243276946 11,50 -2881,234442527 11,50 -2881,3326885912
11,60 -2881,1243276816 11,60 -2881,2344425134 11,60 -2881,3326885752
11,70 -2881,1243276693 11,70 -2881,2344425006 11,70 -2881,3326885646
11,80 -2881,1243276579 11,80 -2881,2344424885 11,80 -2881,3326885522
11,90 -2881,1243276471 11,90 -2881,2344424771 11,90 -2881,3326885407
12,00 -2881,1243276369 12,00 -2881,2344424664 12,00 -2881,3326885298
12,10 -2881,1243276272 12,10 -2881,2344424563
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Tabela 5.10: Sistema diatoˆmico Ne-Xe
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
2,00 -457,2461775818 2,00 -457,396904701537 2,00 -457,4859568291
2,10 -457,2828466619 2,10 -457,432631339873 2,10 -457,5214126407
2,20 -457,3096568463 2,20 -457,458710962634 2,20 -457,547273351
2,30 -457,3291210001 2,30 -457,477606707224 2,30 -457,5659850732
2,40 -457,3431586633 2,40 -457,491205384211 2,40 -457,579425607
2,50 -457,3532181999 2,50 -457,500930503093 2,50 -457,5890140808
2,60 -457,3603817596 2,60 -457,507842653791 2,60 -457,5958090874
2,70 -457,3654511816 2,70 -457,512724351486 2,70 -457,6005920185
2,80 -457,3690159591 2,80 -457,516148613921 2,80 -457,6039347877
2,90 -457,3715061682 2,90 -457,518532511270 2,90 -457,6062529827
3,00 -457,3732333391 3,00 -457,520177995968 3,00 -457,6078466428
3,10 -457,3744217957 3,10 -457,521302559712 3,10 -457,6089311102
3,20 -457,3752320715 3,20 -457,522062053104 3,20 -457,6096599728
3,30 -457,3757785003 3,30 -457,522567468464 3,30 -457,6101423303
3,40 -457,3761420597 3,40 -457,522897447813 3,40 -457,6104551186
3,50 -457,3763797741 3,50 -457,523107385976 3,50 -457,6106522829
3,60 -457,376531569 3,60 -457,523236058666 3,60 -457,6107714505
3,70 -457,3766252269 3,70 -457,523310449812 3,70 -457,610838685
3,80 -457,3766799759 3,80 -457,523349191615 3,80 -457,6108719215
3,90 -457,3767090451 3,90 -457,523365035250 3,81 -457,6108738899
3,91 -457,376710917 3,91 -457,5233657178 3,82 -457,6108756487
3,92 -457,3767126317 3,92 -457,5233662681 3,83 -457,6108772139
3,93 -457,3767141964 3,93 -457,5233666922 3,84 -457,6108785914
3,94 -457,376715618 3,94 -457,5233669954 3,85 -457,6108797881
3,95 -457,3767169026 3,95 -457,5233671839 3,86 -457,6108808255
3,96 -457,3767180567 3,96 -457,5233672635 3,87 -457,6108816955
3,97 -457,3767190859 3,97 -457,5233672397 3,88 -457,6108824128
3,98 -457,3767199961 3,98 -457,5233671179 3,90 -457,6108834103
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3,99 -457,3767207926 3,99 -457,523366903 3,91 -457,6108837145
4,00 -457,3767214807 4,00 -457,5233666 3,92 -457,610883888
4,01 -457,3767220656 4,01 -457,5233662145 3,93 -457,610883943
4,02 -457,376722552 4,02 -457,5233657489 3,94 -457,6108838843
4,03 -457,3767229449 4,03 -457,5233652086 3,95 -457,6108837137
4,04 -457,3767232482 4,04 -457,5233645986 3,96 -457,6108834475
4,05 -457,3767234663 4,05 -457,5233639224 3,97 -457,610883082
4,06 -457,3767236037 4,06 -457,5233631836 3,98 -457,6108826258
4,07 -457,3767236642 4,07 -457,5233623858 3,99 -457,6108820826
4,08 -457,3767236515 4,08 -457,5233615326 4,00 -457,6108814551
4,09 -457,3767235694 4,09 -457,5233606273 4,01 -457,6108807547
4,10 -457,3767234192 4,10 -457,523359673323 4,02 -457,6108799786
4,20 -457,3767189933 4,20 -457,523348053248 4,03 -457,6108791338
4,30 -457,3767109405 4,30 -457,523334194888 4,04 -457,6108782243
4,40 -457,3767010757 4,40 -457,523319643688 4,05 -457,610877252
4,50 -457,3766905075 4,50 -457,523305320433 4,06 -457,6108762092
4,60 -457,3766799633 4,60 -457,523291763354 4,07 -457,6108751421
4,70 -457,3766698656 4,70 -457,523279247274 4,08 -457,6108739946
4,80 -457,3766604499 4,80 -457,523267884238 4,09 -457,6108728144
4,90 -457,3766518223 4,90 -457,523257684118 4,10 -457,6108715899
5,00 -457,3766440133 5,00 -457,523248600868 4,11 -457,6108703236
5,10 -457,376637006 5,10 -457,523240555141 4,12 -457,6108690202
5,20 -457,3766307563 5,20 -457,523233454847 4,13 -457,6108676799
5,30 -457,3766252054 5,30 -457,523227203209 4,14 -457,6108663072
5,40 -457,3766202888 5,40 -457,523221706113 4,15 -457,6108649137
5,50 -457,3766159411 5,50 -457,523216874496 4,16 -457,6108634686
5,60 -457,3766121003 5,60 -457,523212626051 4,17 -457,6108620112
5,70 -457,3766087081 5,70 -457,523208889952 4,18 -457,6108605271
5,80 -457,3766057112 5,80 -457,523205601205 4,19 -457,6108590231
5,90 -457,3766030629 5,90 -457,523202702899 4,20 -457,6108575171
6,00 -457,3766007184 6,00 -457,523200144887 4,30 -457,6108415613
6,10 -457,37659864 6,10 -457,523197883699 4,40 -457,6108251906
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6,20 -457,3765967976 6,20 -457,523195881898 4,50 -457,6108093208
6,30 -457,3765951607 6,30 -457,523194106459 4,60 -457,6107944493
6,40 -457,3765937044 6,40 -457,523192528991 4,70 -457,6107808262
6,50 -457,3765924066 6,50 -457,523191125153 4,80 -457,6107685357
6,60 -457,3765912473 6,60 -457,523189873437 4,90 -457,6107575664
6,70 -457,3765902122 6,70 -457,523188755344 5,00 -457,6107478466
6,80 -457,3765892833 6,80 -457,523187749772 5,10 -457,6107392774
6,90 -457,3765884519 6,90 -457,523186853890 5,20 -457,6107317492
7,00 -457,3765877044 7,00 -457,523186053537 5,30 -457,6107251453
7,10 -457,3765870315 7,10 -457,523185329016 5,40 -457,610719358
7,20 -457,3765864248 7,20 -457,523184676388 5,50 -457,6107142862
7,30 -457,3765858769 7,30 -457,523184087544 5,60 -457,6107098348
7,40 -457,3765853812 7,40 -457,523183555499 5,70 -457,6107059386
7,50 -457,3765849325 7,50 -457,523183073944 5,80 -457,610702512
7,60 -457,3765845255 7,60 -457,523182637442 5,90 -457,6106994968
7,70 -457,3765841559 7,70 -457,523182241224 6,00 -457,6106968397
7,80 -457,3765838196 7,80 -457,523181881079 6,10 -457,6106944954
7,90 -457,3765835134 7,90 -457,523181553272 6,20 -457,610692422
8,00 -457,3765832341 8,00 -457,523181254523 6,30 -457,6106905855
8,10 -457,3765829791 8,10 -457,523180981967 6,40 -457,6106889556
8,20 -457,3765827461 8,20 -457,523180732824 6,50 -457,6106875067
8,30 -457,3765825326 8,30 -457,523180504978 6,60 -457,610686216
8,40 -457,3765823372 8,40 -457,523180296298 6,70 -457,610685064
8,50 -457,3765821577 8,50 -457,523180104970 6,80 -457,6106840341
8,60 -457,376581993 8,60 -457,523179929356 6,90 -457,6106831113
8,70 -457,3765818415 8,70 -457,523179767982 7,00 -457,6106822838
8,80 -457,3765817022 8,80 -457,523179619554 7,10 -457,6106815407
8,90 -457,3765815738 8,90 -457,523179482874 7,20 -457,6106808711
9,00 -457,3765814554 9,00 -457,523179356902 7,30 -457,6106802674
9,10 -457,3765813461 9,10 -457,523179240733 7,40 -457,610679722
9,20 -457,3765812451 9,20 -457,523179133348 7,50 -457,6106792283
9,30 -457,3765811517 9,30 -457,523179034126 7,60 -457,610678782
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9,40 -457,3765810653 9,40 -457,523178942302 7,70 -457,6106783766
9,50 -457,3765809852 9,50 -457,523178857314 7,80 -457,6106780082
9,60 -457,3765809109 9,60 -457,523178778514 7,90 -457,6106776731
9,70 -457,376580842 9,70 -457,523178705444 8,00 -457,6106773672
9,80 -457,376580778 9,80 -457,523178637584 8,10 -457,6106770893
9,90 -457,3765807186 9,90 -457,523178574551 8,20 -457,6106768348
10,00 -457,3765806633 10,00 -457,523178515926 8,30 -457,6106766021
10,10 -457,3765806118 10,10 -457,523178461457 8,40 -457,610676389
10,20 -457,3765805638 10,20 -457,523178410600 8,50 -457,6106761932
10,30 -457,3765805191 10,30 -457,523178363255 8,60 -457,6106760146
10,40 -457,3765804774 10,40 -457,523178319073 8,70 -457,6106758498
10,50 -457,3765804384 10,50 -457,523178277868 8,80 -457,6106756984
10,60 -457,3765804021 10,60 -457,523178239378 8,90 -457,610675559
10,70 -457,376580368 10,70 -457,523178203406 9,00 -457,6106754305
10,80 -457,3765803362 10,80 -457,523178169781 9,10 -457,6106753121
10,90 -457,3765803064 10,90 -457,523178138291 9,20 -457,6106752025
11,00 -457,3765802786 11,00 -457,523178108816 9,30 -457,6106751014
11,10 -457,3765802524 11,10 -457,523178081300 9,40 -457,6106750078
11,20 -457,3765802279 11,20 -457,523178055305 9,50 -457,6106749206
11,30 -457,3765802049 11,30 -457,523178031012 9,60 -457,610674841
11,40 -457,3765801833 11,40 -457,523178008187 9,70 -457,6106747664
11,50 -457,376580163 11,50 -457,523177986781 9,80 -457,6106746973
11,60 -457,3765801439 11,60 -457,523177966651 9,90 -457,6106746325
11,70 -457,376580126 11,70 -457,523177947719 10,00 -457,6106745728
11,80 -457,3765801092 11,80 -457,523177929904 10,10 -457,610674518
11,90 -457,3765800933 11,90 -457,523177913145 10,20 -457,6106744662













Tabela 5.11: Sistema diatoˆmico Ne-Rn
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
3,00 -416.622429940344 3,00 -416.790985401336 3,00 -416.898324521009
3,10 -416.623937341787 3,10 -416.792409098111 3,10 -416.899697678453
3,20 -416.624984457871 3,20 -416.793390285622 3,20 -416.900639273958
3,30 -416.625705307912 3,30 -416.794058560924 3,30 -416.901276909201
3,40 -416.626196149914 3,40 -416.794507028258 3,40 -416.901701967860
3,50 -416.626525886637 3,50 -416.794802220106 3,50 -416.901979425528
3,60 -416.626743577500 3,60 -416.794991509749 3,60 -416.902155352472
3,70 -416.626883961111 3,70 -416.795108345736 3,70 -416.902262152302
3,80 -416.626971490749 3,80 -416.795176259133 3,80 -416.902322495125
3,90 -416.627023274321 3,90 -416.795211694038 3,90 -416.902362120629
4,00 -416.627051206767 4,00 -416.795226018894 3,91 -416.902362201649
4,10 -416.627063504137 4,01 -416.795226607245 3,92 -416.902362042328
4,11 -416.627064110285 4,02 -416.795227077844 3,93 -416.902361807677
4,12 -416.627064620450 4,03 -416.795227430447 3,94 -416.902361478038
4,13 -416.627065040746 4,04 -416.795227670363 3,95 -416.902361054736
4,14 -416.627065375447 4,05 -416.795227802530 3,96 -416.902360549541
4,15 -416.627065628504 4,06 -416.795227832541 3,97 -416.902359294071
4,16 -416.627065803745 4,07 -416.795227765269 4,00 -416.902361921995
4,17 -416.627065904839 4,08 -416.795227605523 4,10 -416.902359297505
4,18 -416.627065935346 4,09 -416.795227358188 4,20 -416.902349285746
4,19 -416.627065898678 4,10 -416.795227027427 4,30 -416.902335251981
121
4,20 -416.627065798058 4,11 -416.795226618255 4,40 -416.902319380347
4,21 -416.627065636708 4,12 -416.795226134464 4,50 -416.902303073083
4,22 -416.627065417622 4,13 -416.795225579975 4,60 -416.902287199557
4,23 -416.627065143667 4,14 -416.795224958637 4,70 -416.902272249448
4,24 -416.627064817690 4,15 -416.795224274191 4,80 -416.902258487856
4,25 -416.627064442359 4,16 -416.795223530022 4,90 -416.902246008988
4,26 -416.627064020257 4,17 -416.795222729462 5,00 -416.902234809144
4,27 -416.627063553812 4,18 -416.795221876194 5,10 -416.902224846998
4,28 -416.627063045439 4,19 -416.795220973019 5,20 -416.902216021826
4,29 -416.627062497353 4,20 -416.795220022991 5,30 -416.902208236453
4,30 -416.627061911788 4,30 -416.795208520631 5,40 -416.902201400221
4,40 -416.627054415111 4,40 -416.795194816731 5,50 -416.902195371992
4,50 -416.627045018673 4,50 -416.795180381546 5,60 -416.902190072000
4,60 -416.627034827656 4,60 -416.795166123046 5,70 -416.902185411607
4,70 -416.627024545508 4,70 -416.795152557044 5,80 -416.902181310208
4,80 -416.627014603770 4,80 -416.795139969484 5,90 -416.902177697391
4,90 -416.627005271066 4,90 -416.795128482476 6,00 -416.902174510885
5,00 -416.626996632069 5,00 -416.795118127335 6,10 -416.902171696352
5,10 -416.626988756575 5,10 -416.795108854385 6,20 -416.902169206561
5,20 -416.626981643330 5,20 -416.795100602837 6,30 -416.902167000314
5,30 -416.626975261874 5,30 -416.795093288272 6,40 -416.902165042103
5,40 -416.626969563794 5,40 -416.795086820806 6,50 -416.902163300959
5,50 -416.626964492425 5,50 -416.795081111698 6,60 -416.902161750019
5,60 -416.626959988440 5,60 -416.795076072958 6,70 -416.902160366097
5,70 -416.626955994090 5,70 -416.795071629994 6,80 -416.902159128987
5,80 -416.626952452048 5,80 -416.795067709946 6,90 -416.902158021168
5,90 -416.626949311573 5,90 -416.795064248801 7,00 -416.902157027444
6,00 -416.626946526203 6,00 -416.795061189876 7,10 -416.902156134451
6,10 -416.626944054637 6,10 -416.795058483344 7,20 -416.902155330800
6,20 -416.626941859018 6,20 -416.795056085303 7,30 -416.902154606387
6,30 -416.626939906377 6,30 -416.795053957425 7,40 -416.902153952176
6,40 -416.626938167523 6,40 -416.795052066760 7,50 -416.902153360598
122
6,50 -416.626936617006 6,50 -416.795050383315 7,60 -416.902152824787
6,60 -416.626935231408 6,60 -416.795048882161 7,70 -416.902152338786
6,70 -416.626933994036 6,70 -416.795047541283 7,80 -416.902151897355
6,80 -416.626932883553 6,80 -416.795046341538 7,90 -416.902151495846
6,90 -416.626931889440 6,90 -416.795045266234 8,00 -416.902151130173
7,00 -416.626930995706 7,00 -416.795044300865 8,10 -416.902150796647
7,10 -416.626930191261 7,10 -416.795043432726 8,20 -416.902150492097
7,20 -416.626929465875 7,20 -416.795042650761 8,30 -416.902150213657
7,30 -416.626928810964 7,30 -416.795041945345 8,40 -416.902149958792
7,40 -416.626928218981 7,40 -416.795041307891 8,50 -416.902149725223
7,50 -416.626927682823 7,50 -416.795040731067 8,60 -416.902149510925
7,60 -416.626927196575 7,60 -416.795040208287 8,70 -416.902149314081
7,70 -416.626926755013 7,70 -416.795039733849 8,80 -416.902149133101
7,80 -416.626926353463 7,80 -416.795039302670 8,90 -416.902148966514
7,90 -416.626925987762 7,90 -416.795038910273 9,00 -416.902148813035
8,00 -416.626925654322 8,00 -416.795038552665 9,10 -416.902148671423
8,10 -416.626925349929 8,10 -416.795038226397 9,20 -416.902148540729
8,20 -416.626925071678 8,20 -416.795037928361 9,30 -416.902148420031
8,30 -416.626924817019 8,30 -416.795037655756 9,40 -416.902148308296
8,40 -416.626924583691 8,40 -416.795037406104 9,50 -416.902148204907
8,50 -416.626924369664 8,50 -416.795037177257 9,60 -416.902148109117
8,60 -416.626924173056 8,60 -416.795036967230 9,70 -416.902148020280
8,70 -416.626923992397 8,70 -416.795036774290 9,80 -416.902147937842
8,80 -416.626923826149 8,80 -416.795036596792 9,90 -416.902147861251
8,90 -416.626923673014 8,90 -416.795036433410 10,00 -416.902147790042
9,00 -416.626923531819 9,00 -416.795036282821 10,10 -416.902147723828
9,10 -416.626923401495 9,10 -416.795036144384 10,20 -416.902147662157
9,20 -416.626923281087 9,20 -416.795036015727 10,30 -416.902147604698
9,30 -416.626923169747 9,30 -416.795035897103 10,40 -416.902147551128
9,40 -416.626923066721 9,40 -416.795035787414 10,50 -416.902147501134
9,50 -416.626922971258 9,50 -416.795035685851 10,60 -416.902147454458
9,60 -416.626922882774 9,60 -416.795035591748 10,70 -416.902147410839
123
9,70 -416.626922800677 9,70 -416.795035504437 10,80 -416.902147370070
9,80 -416.626922724425 9,80 -416.795035423435 10,90 -416.902147331914
9,90 -416.626922653563 9,90 -416.795035348169 11,00 -416.902147296196
10,00 -416.626922587661 10,00 -416.795035278180 11,10 -416.902147263128
10,10 -416.626922526313 10,10 -416.795035213067 11,20 -416.902147231232
10,20 -416.626922469177 10,20 -416.795035152412 11,30 -416.902147201990
10,30 -416.626922415910 10,30 -416.795035095899 11,40 -416.902147174300
10,40 -416.626922366210 10,40 -416.795035043210 11,50 -416.902147148394
10,50 -416.626922319833 10,50 -416.795034994013 11,60 -416.902147124008
10,60 -416.626922276499 10,60 -416.795034948091 11,70 -416.902147101109
10,70 -416.626922236003 10,70 -416.795034905147 11,80 -416.902147079549
10,80 -416.626922198108 10,80 -416.795034865004 11,90 -416.902147059273
10,90 -416.626922162664 10,90 -416.795034827457 12,00 -416.902147040181
11,00 -416.626922129451 11,00 -416.795034792295
11,10 -416.626922098326 11,10 -416.795034759325
11,20 -416.626922069140 11,20 -416.795034728428
11,30 -416.626922041759 11,30 -416.795034699453
11,40 -416.626922016035 11,40 -416.795034672265
11,50 -416.626921991899 11,50 -416.795034646714
11,60 -416.626921969199 11,60 -416.795034622702
11,70 -416.626921947859 11,70 -416.795034600131
11,80 -416.626921927767 11,80 -416.795034578873
11,90 -416.626921908856 11,90 -416.795034558892
12,00 -416.626921891056 12,00 -416.795034540078
Tabela 5.12: Sistema diatoˆmico Ar-Ar
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
2,00 -1053,922949208440 2,00 -1053,9804084831 2,00 -1053,9999826646
2,10 -1053,972923224970 2,10 -1054,0292399093 2,10 -1054,0480243478
2,20 -1054,009237636520 2,20 -1054,0647494735 2,20 -1054,0829746299
124
2,30 -1054,035425725830 2,30 -1054,0903504252 2,30 -1054,1081774334
2,40 -1054,054185512320 2,40 -1054,1086634202 2,40 -1054,126206277
2,50 -1054,067541152130 2,50 -1054,1216655978 2,50 -1054,1390052753
2,60 -1054,076991633100 2,60 -1054,1308283726 2,60 -1054,1480223875
2,70 -1054,083636483490 2,70 -1054,1372352047 2,70 -1054,154324348
2,80 -1054,088276409610 2,80 -1054,1416770268 2,80 -1054,1586902836
2,90 -1054,091491112620 2,90 -1054,1447271533 2,90 -1054,1616851501
3,00 -1054,093698159180 3,00 -1054,1467984544 3,00 -1054,1637159229
3,10 -1054,095196911490 3,10 -1054,148186423 3,10 -1054,165073846
3,20 -1054,096200979620 3,20 -1054,1491012735 3,20 -1054,1659660057
3,30 -1054,096862054880 3,30 -1054,1496914921 3,30 -1054,1665386747
3,40 -1054,097287278810 3,40 -1054,1500612795 3,40 -1054,1668944814
3,50 -1054,097551935360 3,50 -1054,1502832027 3,50 -1054,1671049556
3,60 -1054,097708587800 3,60 -1054,1504073603 3,60 -1054,1672195244
3,70 -1054,097793694070 3,70 -1054,150468086 3,70 -1054,1672720781
3,80 -1054,097832357830 3,71 -1054,1504716398 3,71 -1054,1672748862
3,81 -1054,0978343828 3,72 -1054,15047481 3,72 -1054,1672773182
3,82 -1054,0978361324 3,73 -1054,1504776326 3,73 -1054,1672794097
3,83 -1054,0978376208 3,74 -1054,1504800982 3,74 -1054,1672811688
3,84 -1054,0978388594 3,75 -1054,1504822444 3,75 -1054,1672826294
3,85 -1054,0978398607 3,76 -1054,1504840793 3,76 -1054,1672837728
3,86 -1054,0978406361 3,77 -1054,1504856184 3,77 -1054,1672846308
3,87 -1054,0978411967 3,78 -1054,1504868759 3,78 -1054,1672852178
3,88 -1054,097841553 3,79 -1054,1504878657 3,79 -1054,1672855469
3,89 -1054,0978417157 3,80 -1054,1504886009 3,80 -1054,1672856315
3,90 -1054,0978416943 3,81 -1054,1504890942 3,81 -1054,1672854852
3,91 -1054,0978414984 3,82 -1054,150489358 3,82 -1054,1672851177
3,92 -1054,0978411371 3,83 -1054,1504894041 3,83 -1054,1672845449
3,93 -1054,097840619 3,84 -1054,1504892433 3,84 -1054,1672837748
3,94 -1054,0978399525 3,85 -1054,1504888864 3,85 -1054,1672828177
3,95 -1054,0978391457 3,86 -1054,1504883444 3,86 -1054,1672816845
3,96 -1054,0978382063 3,87 -1054,1504876266 3,87 -1054,1672803845
125
3,97 -1054,0978371417 3,88 -1054,1504867431 3,88 -1054,167278928
3,98 -1054,0978359589 3,89 -1054,1504857022 3,89 -1054,1672773243
3,99 -1054,0978346647 3,90 -1054,1504845163 3,90 -1054,1672755758
4,00 -1054,097833266930 4,00 -1054,1504661447 4,00 -1054,1672521408
4,10 -1054,097814762200 4,10 -1054,1504402124 4,10 -1054,1672219453
4,20 -1054,097791206900 4,20 -1054,1504110453 4,20 -1054,1671891966
4,30 -1054,097765798850 4,30 -1054,1503812861 4,30 -1054,167156476
4,40 -1054,097740499940 4,40 -1054,1503525257 4,40 -1054,1671252801
4,50 -1054,097716442560 4,50 -1054,1503256529 4,50 -1054,1670964107
4,60 -1054,097694218810 4,60 -1054,1503010829 4,60 -1054,1670702165
4,70 -1054,097674070930 4,70 -1054,1502789746 4,70 -1054,1670467738
4,80 -1054,097656038080 4,80 -1054,1502592681 4,80 -1054,1670259856
4,90 -1054,097640030580 4,90 -1054,1502418384 4,90 -1054,1670076727
5,00 -1054,097625898420 5,00 -1054,1502264988 5,00 -1054,16699161
5,10 -1054,097613464400 5,10 -1054,1502130425 5,10 -1054,166977559
5,20 -1054,097602543790 5,20 -1054,150201263 5,20 -1054,1669652871
5,30 -1054,097592961720 5,30 -1054,1501909598 5,30 -1054,1669545761
5,40 -1054,097584554380 5,40 -1054,1501819492 5,40 -1054,166945241
5,50 -1054,097577169500 5,50 -1054,1501740656 5,50 -1054,1669370754
5,60 -1054,097570686380 5,60 -1054,1501671608 5,60 -1054,1669299236
5,70 -1054,097564982630 5,70 -1054,1501611065 5,70 -1054,1669236751
5,80 -1054,097559959210 5,80 -1054,1501557886 5,80 -1054,1669182074
5,90 -1054,097555527720 5,90 -1054,1501511096 5,90 -1054,1669133936
6,00 -1054,097551611910 6,00 -1054,1501469852 6,00 -1054,166909157
6,10 -1054,097548146470 6,10 -1054,1501433421 6,10 -1054,1669054111
6,20 -1054,097545072580 6,20 -1054,1501401192 6,20 -1054,1669021091
6,30 -1054,097542342100 6,30 -1054,1501372609 6,30 -1054,1668991948
6,40 -1054,097539912470 6,40 -1054,1501347217 6,40 -1054,1668965925
6,50 -1054,097537746470 6,50 -1054,1501324615 6,50 -1054,1668942861
6,60 -1054,097535812700 6,60 -1054,1501304453 6,60 -1054,166892231
6,70 -1054,097534081480 6,70 -1054,1501286447 6,70 -1054,1668903895
6,80 -1054,097532530400 6,80 -1054,1501270322 6,80 -1054,166888756
126
6,90 -1054,097531138060 6,90 -1054,1501255864 6,90 -1054,1668872854
7,00 -1054,097529887760 7,00 -1054,1501242917 7,00 -1054,1668859656
7,10 -1054,097528759090 7,10 -1054,1501231186 7,10 -1054,1668847787
7,20 -1054,097527741210 7,20 -1054,1501220635 7,20 -1054,1668837096
7,30 -1054,097526822150 7,30 -1054,1501211148 7,30 -1054,1668827451
7,40 -1054,097525990490 7,40 -1054,150120255 7,40 -1054,1668818735
7,50 -1054,097525236880 7,50 -1054,1501194764 7,50 -1054,1668810847
7,60 -1054,097524553630 7,60 -1054,1501187701 7,60 -1054,1668803696
7,70 -1054,097523931790 7,70 -1054,1501181293 7,70 -1054,1668797206
7,80 -1054,097523365980 7,80 -1054,1501175463 7,80 -1054,1668791307
7,90 -1054,097522850670 7,90 -1054,1501170154 7,90 -1054,1668785937
8,00 -1054,097522380560 8,00 -1054,1501165314 8,00 -1054,1668781043
8,10 -1054,097521951780 8,10 -1054,150116089 8,10 -1054,1668776576
8,20 -1054,097521558400 8,20 -1054,1501156856 8,20 -1054,1668772506
8,30 -1054,097521198900 8,30 -1054,1501153159 8,30 -1054,1668768762
8,40 -1054,097520869180 8,40 -1054,1501149773 8,40 -1054,1668765343
8,50 -1054,097520566670 8,50 -1054,1501146666 8,50 -1054,1668762208
8,60 -1054,097520289430 8,60 -1054,150114381 8,60 -1054,1668759329
8,70 -1054,097520033210 8,70 -1054,1501141192 8,70 -1054,1668756686
8,80 -1054,097519797950 8,80 -1054,1501138779 8,80 -1054,1668754253
8,90 -1054,097519581130 8,90 -1054,1501136557 8,90 -1054,1668752013
9,00 -1054,097519381150 9,00 -1054,1501134508 9,00 -1054,1668749948
9,10 -1054,097519196500 9,10 -1054,1501132617 9,10 -1054,1668748042
9,20 -1054,097519025870 9,20 -1054,150113087 9,20 -1054,1668746283
9,30 -1054,097518868030 9,30 -1054,1501129255 9,30 -1054,1668744656
9,40 -1054,097518721900 9,40 -1054,150112776 9,40 -1054,1668743151
9,50 -1054,097518586510 9,50 -1054,1501126375 9,50 -1054,1668741758
9,60 -1054,097518460940 9,60 -1054,1501125092 9,60 -1054,1668740465
9,70 -1054,097518344400 9,70 -1054,1501123901 9,70 -1054,1668739268
9,80 -1054,097518236140 9,80 -1054,1501122794 9,80 -1054,1668738156
9,90 -1054,097518135500 9,90 -1054,1501121767 9,90 -1054,1668737122
10,00 -1054,097518041880 10,00 -1054,1501120811 10,00 -1054,1668736161
127
10,10 -1054,097517954700 10,10 -1054,1501119921 10,10 -1054,1668735266
10,20 -1054,097517873470 10,20 -1054,1501119092 10,20 -1054,1668734434
10,30 -1054,097517797740 10,30 -1054,1501118319 10,30 -1054,1668733657
10,40 -1054,097517727080 10,40 -1054,1501117599 10,40 -1054,1668732933
10,50 -1054,097517661100 10,50 -1054,1501116926 10,50 -1054,1668732258
10,60 -1054,097517599450 10,60 -1054,1501116298 10,60 -1054,1668731626
10,70 -1054,097517541810 10,70 -1054,150111571 10,70 -1054,1668731037
10,80 -1054,097517487880 10,80 -1054,1501115161 10,80 -1054,1668730485
10,90 -1054,097517437390 10,90 -1054,1501114646 10,90 -1054,1668729969
11,00 -1054,097517390100 11,00 -1054,1501114165 11,00 -1054,1668729486
11,10 -1054,097517345770 11,10 -1054,1501113713 11,10 -1054,1668729032
11,20 -1054,097517304190 11,20 -1054,150111329 11,20 -1054,1668728608
11,30 -1054,097517265170 11,30 -1054,1501112893 11,30 -1054,166872821
11,40 -1054,097517228530 11,40 -1054,150111252 11,40 -1054,1668727836
11,50 -1054,097517194100 11,50 -1054,150111217 11,50 -1054,1668727484
11,60 -1054,097517161740 11,60 -1054,1501111841 11,60 -1054,1668727154
11,70 -1054,097517131300 11,70 -1054,1501111531 11,70 -1054,1668726844
11,80 -1054,097517102650 11,80 -1054,150111124 11,80 -1054,1668726552
11,90 -1054,097517075680 11,90 -1054,1501110965 11,90 -1054,1668726277
12,00 -1054,097517050270 12,00 -1054,1501110707 12,00 -1054,1668726018
12,10 -1054,097517026320 12,10 -1054,1501110464
Tabela 5.13: Sistema diatoˆmico Ar-Kr
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
2,00 -3279,1154637702 2,00 -3279,2238529755 2,00 -3279,3215353276
2,10 -3279,1816760415 2,10 -3279,2886160507 2,10 -3279,3854992551
2,20 -3279,2309048089 2,20 -3279,336728815 2,20 -3279,4330050035
2,30 -3279,2672302846 2,30 -3279,3721960538 2,30 -3279,4680075078
2,40 -3279,2938485009 2,40 -3279,3981511563 2,40 -3279,4936052115
2,50 -3279,3132278281 2,50 -3279,4170130427 2,50 -3279,5121915824
128
2,60 -3279,327250142 2,60 -3279,4306263075 2,60 -3279,5255921657
2,70 -3279,3373345751 2,70 -3279,4403829323 2,70 -3279,5351846351
2,80 -3279,3445416518 2,80 -3279,4473238702 2,80 -3279,5419992303
2,90 -3279,3496579865 2,90 -3279,452221847 2,90 -3279,5468004976
3,00 -3279,3532633299 3,00 -3279,4556467315 3,00 -3279,5501519068
3,10 -3279,3557825726 3,10 -3279,4580163331 3,10 -3279,552466003
3,20 -3279,3575255038 3,20 -3279,4596352998 3,20 -3279,5540431977
3,30 -3279,3587168788 3,30 -3279,4607243705 3,30 -3279,5551007971
3,40 -3279,3595189657 3,40 -3279,4614426171 3,40 -3279,5557951815
3,50 -3279,3600483488 3,50 -3279,461903902 3,50 -3279,556238189
3,60 -3279,3603883655 3,60 -3279,4621891577 3,60 -3279,5565091567
3,70 -3279,3605982646 3,70 -3279,4623555304 3,70 -3279,5566640994
3,80 -3279,3607199193 3,80 -3279,4624429301 3,80 -3279,5567421371
3,90 -3279,3607827134 3,90 -3279,4624790387 3,81 -3279,5567468386
4,00 -3279,3608071051 3,91 -3279,4624806257 3,82 -3279,5567510735
4,01 -3279,3608080183 3,92 -3279,4624819022 3,83 -3279,5567548594
4,02 -3279,3608087044 3,93 -3279,4624828901 3,84 -3279,5567582172
4,03 -3279,3608091733 3,94 -3279,462483603 3,85 -3279,556761166
4,04 -3279,3608094354 3,95 -3279,4624840543 3,86 -3279,5567637272
4,05 -3279,3608095008 3,96 -3279,4624842569 3,87 -3279,5567659146
4,06 -3279,360809379 3,97 -3279,4624842231 3,88 -3279,5567677478
4,07 -3279,3608090793 3,98 -3279,4624839649 3,89 -3279,5567692445
4,08 -3279,3608086106 3,99 -3279,4624834902 3,90 -3279,556770419
4,09 -3279,3608079815 4,00 -3279,4624828168 3,91 -3279,5567712839
4,10 -3279,3608072003 4,01 -3279,4624819516 3,92 -3279,5567718584
4,11 -3279,3608062747 4,02 -3279,4624809047 3,93 -3279,5567721556
4,12 -3279,3608052126 4,03 -3279,462479686 3,94 -3279,5567721884
4,13 -3279,3608040212 4,04 -3279,4624783047 3,95 -3279,5567719712
4,14 -3279,3608027074 4,05 -3279,4624767697 3,96 -3279,5567715169
4,15 -3279,3608012781 4,06 -3279,4624750894 3,97 -3279,5567708346
4,16 -3279,3607997397 4,07 -3279,4624732722 3,98 -3279,5567699391
4,17 -3279,3607980983 4,08 -3279,4624713261 3,99 -3279,5567688404
129
4,18 -3279,3607963601 4,09 -3279,462469258 4,00 -3279,5567675468
4,19 -3279,3607945306 4,10 -3279,4624670644 4,10 -3279,556746123
4,20 -3279,3607926138 4,20 -3279,4624403459 4,20 -3279,5567145533
4,30 -3279,3607698049 4,30 -3279,4624082323 4,30 -3279,5566782976
4,40 -3279,3607430385 4,40 -3279,4623742872 4,40 -3279,5566408338
4,50 -3279,3607150431 4,50 -3279,4623407047 4,50 -3279,5566043166
4,60 -3279,3606875092 4,60 -3279,4623087729 4,60 -3279,5565699154
4,70 -3279,3606614378 4,70 -3279,4622791936 4,70 -3279,5565383103
4,80 -3279,3606373221 4,80 -3279,462252252 4,80 -3279,5565096759
4,90 -3279,3606154245 4,90 -3279,4622280169 4,90 -3279,5564840544
5,00 -3279,3605957495 5,00 -3279,4622064036 5,00 -3279,5564613131
5,10 -3279,3605782076 5,10 -3279,4621872363 5,10 -3279,5564412221
5,20 -3279,3605626556 5,20 -3279,4621703268 5,20 -3279,5564235541
5,30 -3279,3605489089 5,30 -3279,4621554344 5,30 -3279,5564080392
5,40 -3279,3605367832 5,40 -3279,4621423444 5,40 -3279,556394438
5,50 -3279,3605260977 5,50 -3279,4621308476 5,50 -3279,5563825194
5,60 -3279,3605166813 5,60 -3279,4621207469 5,60 -3279,5563720779
5,70 -3279,3605083843 5,70 -3279,4621118819 5,70 -3279,5563629152
5,80 -3279,3605010658 5,80 -3279,462104083 5,80 -3279,5563548778
5,90 -3279,3604946016 5,90 -3279,4620972177 5,90 -3279,5563478176
6,00 -3279,360488886 6,00 -3279,4620911659 6,00 -3279,5563416007
6,10 -3279,3604838229 6,10 -3279,4620858165 6,10 -3279,556336117
6,20 -3279,3604793336 6,20 -3279,4620810962 6,20 -3279,5563312764
6,30 -3279,3604753469 6,30 -3279,462076909 6,30 -3279,5563269913
6,40 -3279,3604717995 6,40 -3279,462073186 6,40 -3279,5563231909
6,50 -3279,3604686378 6,50 -3279,4620698812 6,50 -3279,556319818
6,60 -3279,3604658153 6,60 -3279,4620669332 6,60 -3279,556316812
6,70 -3279,3604632904 6,70 -3279,4620643067 6,70 -3279,556314135
6,80 -3279,3604610289 6,80 -3279,4620619563 6,80 -3279,5563117404
6,90 -3279,3604589996 6,90 -3279,46205985 6,90 -3279,5563095963
7,00 -3279,3604571757 7,00 -3279,4620579595 7,00 -3279,5563076764
7,10 -3279,3604555338 7,10 -3279,4620562541 7,10 -3279,5563059482
130
7,20 -3279,3604540534 7,20 -3279,4620547294 7,20 -3279,5563043959
7,30 -3279,3604527168 7,30 -3279,4620533492 7,30 -3279,5563029948
7,40 -3279,360451508 7,40 -3279,4620521042 7,40 -3279,5563017289
7,50 -3279,3604504132 7,50 -3279,4620509754 7,50 -3279,5563005866
7,60 -3279,3604494197 7,60 -3279,4620499427 7,60 -3279,5562995493
7,70 -3279,3604485181 7,70 -3279,4620490238 7,70 -3279,556298611
7,80 -3279,3604476978 7,80 -3279,4620481802 7,80 -3279,5562977573
7,90 -3279,3604469508 7,90 -3279,4620474125 7,90 -3279,5562969797
8,00 -3279,3604462697 8,00 -3279,4620467131 8,00 -3279,556296274
8,10 -3279,3604456476 8,10 -3279,4620460654 8,10 -3279,5562956277
8,20 -3279,3604450795 8,20 -3279,4620454918 8,20 -3279,5562950401
8,30 -3279,3604445593 8,30 -3279,4620449584 8,30 -3279,5562945014
8,40 -3279,3604440826 8,40 -3279,46204447 8,40 -3279,5562940073
8,50 -3279,3604436454 8,50 -3279,4620440223 8,50 -3279,5562935568
8,60 -3279,3604432437 8,60 -3279,4620436019 8,60 -3279,556293141
8,70 -3279,3604428749 8,70 -3279,4620432339 8,70 -3279,5562927616
8,80 -3279,3604425354 8,80 -3279,4620428866 8,80 -3279,5562924114
8,90 -3279,3604422225 8,90 -3279,4620425668 8,90 -3279,5562920879
9,00 -3279,360441934 9,00 -3279,4620422722 9,00 -3279,5562917924
9,10 -3279,3604416678 9,10 -3279,4620419908 9,10 -3279,5562915184
9,20 -3279,3604414219 9,20 -3279,4620417493 9,20 -3279,5562912643
9,30 -3279,3604411944 9,30 -3279,4620415171 9,30 -3279,5562910321
9,40 -3279,360440984 9,40 -3279,4620413025 9,40 -3279,5562908158
9,50 -3279,360440789 9,50 -3279,4620411037 9,50 -3279,5562906146
9,60 -3279,3604406082 9,60 -3279,46204091 9,60 -3279,5562904306
9,70 -3279,3604404405 9,70 -3279,4620407486 9,70 -3279,5562902585
9,80 -3279,3604402847 9,80 -3279,46204059 9,80 -3279,5562900978
9,90 -3279,36044014 9,90 -3279,4620404425 9,90 -3279,556289951
10,00 -3279,3604400053 10,00 -3279,4620403055 10,00 -3279,556289813
10,10 -3279,3604398801 10,10 -3279,4620401685 10,10 -3279,5562896837
10,20 -3279,3604397633 10,20 -3279,4620400593 10,20 -3279,5562895657
10,30 -3279,3604396544 10,30 -3279,4620399486 10,30 -3279,5562894544
131
10,40 -3279,3604395528 10,40 -3279,4620398454 10,40 -3279,5562893495
10,50 -3279,360439458 10,50 -3279,4620397491 10,50 -3279,5562892541
10,60 -3279,3604393695 10,60 -3279,4620396497 10,60 -3279,5562891637
10,70 -3279,3604392867 10,70 -3279,462039575 10,70 -3279,556289078
10,80 -3279,3604392092 10,80 -3279,4620394964 10,80 -3279,5562890004
10,90 -3279,3604391368 10,90 -3279,4620394229 10,90 -3279,5562889265
11,00 -3279,3604390686 11,00 -3279,462039354 11,00 -3279,5562888561
11,10 -3279,3604390051 11,10 -3279,46203928 11,10 -3279,5562887927
11,20 -3279,3604389456 11,20 -3279,4620392288 11,20 -3279,5562887319
11,30 -3279,3604388896 11,30 -3279,4620391722 11,30 -3279,5562886737
11,40 -3279,360438837 11,40 -3279,4620391189 11,40 -3279,5562886215
11,50 -3279,3604387876 11,50 -3279,4620390689 11,50 -3279,5562885713
11,60 -3279,3604387412 11,60 -3279,4620390124 11,60 -3279,5562885229
11,70 -3279,3604386976 11,70 -3279,4620389774 11,70 -3279,5562884798
11,80 -3279,3604386565 11,80 -3279,462038936 11,80 -3279,5562884381
11,90 -3279,3604386178 11,90 -3279,4620388968 11,90 -3279,5562883976
12,00 -3279,3604385814 12,00 -3279,4620388599 12,00 -3279,5562883618
Tabela 5.14: Sistema diatoˆmico Ar-Xe
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
2,00 -855,2623458316 2,00 -855,410949888 2,00 -855,4996815005
2,10 -855,3504305548 2,10 -855,4969198633 2,10 -855,5845016184
2,20 -855,4174287417 2,20 -855,5622915676 2,20 -855,6489801693
2,30 -855,4681445827 2,30 -855,6117334969 2,30 -855,6977293467
2,40 -855,506337062 2,40 -855,6489102281 2,40 -855,7343679739
2,50 -855,5349448795 2,50 -855,6766963141 2,50 -855,7617360995
2,60 -855,5562570771 2,60 -855,6973366542 2,60 -855,7820520803
2,70 -855,5720468366 2,70 -855,712573334 2,70 -855,7970367271
2,80 -855,5836790447 2,80 -855,7237488497 2,80 -855,8080153558
2,90 -855,5921976833 2,90 -855,7318905085 2,90 -855,8160019233
132
3,00 -855,5983964748 3,00 -855,737779147 3,00 -855,8217673039
3,10 -855,6028756589 3,10 -855,7420043844 3,10 -855,8258940049
3,20 -855,606086898 3,20 -855,7450088234 3,20 -855,8288196288
3,30 -855,6083684454 3,30 -855,7471228326 3,30 -855,8308707821
3,40 -855,6099724157 3,40 -855,7485917053 3,40 -855,8322898087
3,50 -855,6110857867 3,50 -855,749596587 3,50 -855,8332554368
3,60 -855,6118465078 3,60 -855,7502705039 3,60 -855,8338985339
3,70 -855,6123557911 3,70 -855,7507105597 3,70 -855,8343144565
3,80 -855,6126874619 3,80 -855,7509871891 3,80 -855,8345721264
3,90 -855,6128950326 3,90 -855,751151112 3,90 -855,8347210889
4,00 -855,6130170317 4,00 -855,7512385721 4,00 -855,8347965852
4,10 -855,6130809891 4,10 -855,7512752303 4,01 -855,8348011393
4,11 -855,6130849989 4,11 -855,7512768504 4,02 -855,8348052172
4,12 -855,6130886452 4,12 -855,7512781595 4,03 -855,8348088696
4,13 -855,6130919421 4,13 -855,7512791735 4,04 -855,8348120895
4,14 -855,6130949041 4,14 -855,7512799059 4,05 -855,8348149221
4,15 -855,6130975457 4,15 -855,7512803728 4,06 -855,8348173478
4,16 -855,6130998804 4,16 -855,7512805804 4,07 -855,8348194329
4,17 -855,6131019217 4,17 -855,7512805439 4,08 -855,834821145
4,18 -855,6131036822 4,18 -855,7512802749 4,09 -855,8348225378
4,19 -855,6131051743 4,19 -855,7512797842 4,10 -855,8348236
4,20 -855,6131064098 4,20 -855,7512790825 4,11 -855,8348243524
4,21 -855,6131074002 4,21 -855,7512781811 4,12 -855,834824818
4,22 -855,6131081566 4,22 -855,7512770896 4,13 -855,8348250047
4,23 -855,6131086895 4,23 -855,7512758172 4,14 -855,8348249265
4,24 -855,6131090092 4,24 -855,7512743729 4,15 -855,8348245974
4,25 -855,6131091257 4,25 -855,7512727668 4,16 -855,834824026
4,26 -855,6131090483 4,26 -855,7512710061 4,17 -855,8348232237
4,27 -855,6131087863 4,27 -855,7512690997 4,18 -855,834822204
4,28 -855,6131083486 4,28 -855,7512670555 4,19 -855,8348209755
4,29 -855,6131077436 4,29 -855,7512648808 4,20 -855,8348195526
4,30 -855,6131069809 4,30 -855,7512625782 4,30 -855,834796518
133
4,40 -855,6130921842 4,40 -855,7512342443 4,40 -855,8347627239
4,50 -855,6130685106 4,50 -855,7511997894 4,50 -855,8347236706
4,60 -855,6130403024 4,60 -855,7511629829 4,60 -855,8346829304
4,70 -855,6130104261 4,70 -855,7511261736 4,70 -855,8346428272
4,80 -855,6129806927 4,80 -855,7510908408 4,80 -855,8346046911
4,90 -855,6129522199 4,90 -855,751057801 4,90 -855,8345692933
5,00 -855,6129255915 5,00 -855,7510274577 5,00 -855,8345369545
5,10 -855,612901123 5,10 -855,7509999372 5,10 -855,8345077697
5,20 -855,6128789056 5,20 -855,7509752045 5,20 -855,8344816363
5,30 -855,6128589006 5,30 -855,7509531206 5,30 -855,834458398
5,40 -855,6128409958 5,40 -855,750933492 5,40 -855,8344378023
5,50 -855,6128250354 5,50 -855,7509160982 5,50 -855,8344196184
5,60 -855,6128108474 5,60 -855,7509007178 5,60 -855,8344035793
5,70 -855,6127982558 5,70 -855,7508871307 5,70 -855,8343894528
5,80 -855,6127870926 5,80 -855,7508751344 5,80 -855,8343770088
5,90 -855,6127771953 5,90 -855,7508645409 5,90 -855,8343660469
6,00 -855,6127684196 6,00 -855,7508551816 6,00 -855,834356379
6,10 -855,612760634 6,10 -855,7508469048 6,10 -855,8343478463
6,20 -855,6127537206 6,20 -855,7508395784 6,20 -855,8343403051
6,30 -855,6127475757 6,30 -855,750833079 6,30 -855,8343336313
6,40 -855,6127421067 6,40 -855,7508273143 6,40 -855,8343277131
6,50 -855,6127372326 6,50 -855,7508221888 6,50 -855,8343224595
6,60 -855,6127328825 6,60 -855,7508176245 6,60 -855,8343177855
6,70 -855,6127289951 6,70 -855,7508135525 6,70 -855,8343136216
6,80 -855,612725515 6,80 -855,7508099144 6,80 -855,8343099043
6,90 -855,6127223935 6,90 -855,7508066581 6,90 -855,8343065816
7,00 -855,612719592 7,00 -855,7508037384 7,00 -855,8343036038
7,10 -855,6127170722 7,10 -855,7508011159 7,10 -855,8343009336
7,20 -855,6127148028 7,20 -855,7507987573 7,20 -855,8342985318
7,30 -855,6127127556 7,30 -855,7507966318 7,30 -855,8342963713
7,40 -855,6127109053 7,40 -855,7507947135 7,40 -855,8342944214
7,50 -855,612709232 7,50 -855,7507929798 7,50 -855,8342926619
134
7,60 -855,6127077157 7,60 -855,7507914103 7,60 -855,8342910681
7,70 -855,6127063397 7,70 -855,7507899874 7,70 -855,8342896263
7,80 -855,6127050894 7,80 -855,7507886954 7,80 -855,8342883162
7,90 -855,6127039501 7,90 -855,7507875209 7,90 -855,8342871275
8,00 -855,6127029142 8,00 -855,7507864517 8,00 -855,8342860441
8,10 -855,6127019687 8,10 -855,7507854783 8,10 -855,8342850587
8,20 -855,6127011054 8,20 -855,7507845885 8,20 -855,8342841579
8,30 -855,6127003157 8,30 -855,7507837747 8,30 -855,8342833368
8,40 -855,6126995927 8,40 -855,7507830306 8,40 -855,834282584
8,50 -855,61269893 8,50 -855,750782349 8,50 -855,8342818965
8,60 -855,6126983221 8,60 -855,7507817239 8,60 -855,8342812643
8,70 -855,6126977633 8,70 -855,7507811499 8,70 -855,8342806858
8,80 -855,6126972494 8,80 -855,7507806224 8,80 -855,8342801524
8,90 -855,6126967764 8,90 -855,750780137 8,90 -855,8342796636
9,00 -855,6126963404 9,00 -855,7507796899 9,00 -855,8342792117
9,10 -855,6126959382 9,10 -855,7507792776 9,10 -855,8342787969
9,20 -855,6126955669 9,20 -855,7507788973 9,20 -855,8342784124
9,30 -855,6126952237 9,30 -855,7507785459 9,30 -855,8342780589
9,40 -855,6126949062 9,40 -855,750778221 9,40 -855,8342777305
9,50 -855,6126946122 9,50 -855,7507779203 9,50 -855,8342774284
9,60 -855,6126943398 9,60 -855,7507776417 9,60 -855,8342771466
9,70 -855,6126940871 9,70 -855,7507773835 9,70 -855,8342768874
9,80 -855,6126938525 9,80 -855,750777144 9,80 -855,834276645
9,90 -855,6126936346 9,90 -855,7507769215 9,90 -855,8342764217
10,00 -855,612693432 10,00 -855,7507767147 10,00 -855,8342762125
10,10 -855,6126932435 10,10 -855,7507765224 10,10 -855,8342760197
10,20 -855,6126930679 10,20 -855,7507763434 10,20 -855,8342758384
10,30 -855,6126929043 10,30 -855,7507761766 10,30 -855,8342756714
10,40 -855,6126927517 10,40 -855,7507760212 10,40 -855,8342755139
10,50 -855,6126926093 10,50 -855,7507758762 10,50 -855,8342753688
10,60 -855,6126924764 10,60 -855,7507757408 10,60 -855,8342752316
10,70 -855,6126923521 10,70 -855,7507756144 10,70 -855,8342751053
135
10,80 -855,6126922359 10,80 -855,7507754961 10,80 -855,8342749853
10,90 -855,6126921271 10,90 -855,7507753855 10,90 -855,834274875
11,00 -855,6126920253 11,00 -855,750775282 11,00 -855,8342747699
11,10 -855,6126919299 11,10 -855,750775185 11,10 -855,8342746732
11,20 -855,6126918404 11,20 -855,7507750942 11,20 -855,8342745809
11,30 -855,6126917565 11,30 -855,7507750089 11,30 -855,8342744962
11,40 -855,6126916778 11,40 -855,750774929 11,40 -855,8342744148
11,50 -855,6126916038 11,50 -855,7507748539 11,50 -855,8342743402
11,60 -855,6126915343 11,60 -855,7507747833 11,60 -855,8342742684
11,70 -855,6126914689 11,70 -855,750774717 11,70 -855,8342742027
11,80 -855,6126914074 11,80 -855,7507746546 11,80 -855,8342741391
11,90 -855,6126913495 11,90 -855,7507745959 11,90 -855,8342740811
12,00 -855,612691295 12,00 -855,7507745407 12,00 -855,8342740246
Tabela 5.15: Sistema diatoˆmico Ar-Rn
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
3,00 -814,8452260218 3,00 -815,0064580283 3,00 -815,11018989
3,10 -814,8506065245 3,10 -815,0115177209 3,10 -815,1151313929
3,20 -814,8545083338 3,20 -815,0151576115 3,20 -815,1186756303
3,30 -814,8573154531 3,30 -815,0177529721 3,30 -815,1211931205
3,40 -814,8593163634 3,40 -815,0195839958 3,40 -815,1229608124
3,50 -814,8607269839 3,50 -815,0208591084 3,50 -815,1241846821
3,60 -814,861708217 3,60 -815,0217325994 3,60 -815,1250170847
3,70 -814,8623793706 3,70 -815,0223182715 3,70 -815,1255700526
3,80 -814,8628284318 3,80 -815,0226995864 3,80 -815,1259254733
3,90 -814,8631199219 3,90 -815,0229374108 3,90 -815,1261428451
4,00 -814,8633008633 4,00 -815,0230758437 4,00 -815,1262651111
4,10 -814,8634053098 4,10 -815,0231465892 4,10 -815,1263230352
4,20 -814,8634577392 4,11 -815,0231508757 4,15 -815,1263349714
4,21 -814,8634608388 4,12 -815,0231547354 4,16 -815,1263362809
136
4,22 -814,8634636152 4,13 -815,0231581862 4,17 -815,1263372731
4,23 -814,8634660778 4,14 -815,0231612448 4,18 -815,1263379577
4,24 -814,8634682401 4,15 -815,023163928 4,19 -815,1263383488
4,25 -814,8634701148 4,16 -815,0231662516 4,20 -815,1263384649
4,26 -814,8634717144 4,17 -815,0231682315 4,21 -815,1263383056
4,27 -814,8634730508 4,18 -815,0231698821 4,22 -815,1263378939
4,28 -814,8634741355 4,19 -815,0231712183 4,23 -815,1263372386
4,29 -814,8634749795 4,20 -815,0231722539 4,24 -815,1263363509
4,30 -814,8634755936 4,21 -815,0231730017 4,25 -815,1263352432
4,31 -814,8634759881 4,22 -815,0231734751 4,26 -815,1263339255
4,32 -814,8634761729 4,23 -815,0231736865 4,27 -815,126332408
4,33 -814,8634761577 4,24 -815,023173648 4,30 -815,1263267564
4,34 -814,8634759517 4,25 -815,023173371 4,40 -815,1262985666
4,35 -814,8634755638 4,26 -815,0231728667 4,50 -815,1262611914
4,36 -814,8634750026 4,27 -815,0231721458 4,60 -815,126219529
4,37 -814,8634742765 4,28 -815,0231712187 4,70 -815,1261767953
4,38 -814,8634733935 4,29 -815,0231700955 4,80 -815,1261350306
4,39 -814,8634723611 4,30 -815,0231687859 4,90 -815,1260954545
4,40 -814,863471187 4,40 -815,0231473052 5,00 -815,1260587421
4,50 -814,8634530925 4,50 -815,0231154618 5,10 -815,1260251894
4,60 -814,8634271853 4,60 -815,0230784143 5,20 -815,1259948618
4,70 -814,8633974241 4,70 -815,0230395662 5,30 -815,1259676564
4,80 -814,8633664053 4,80 -815,0230010922 5,40 -815,1259433975
4,90 -814,8633357737 4,90 -815,0229643173 5,50 -815,1259218517
5,00 -814,8633065238 5,00 -815,0229299901 5,60 -815,1259027724
5,10 -814,8632792072 5,10 -815,0228984688 5,70 -815,1258859049
5,20 -814,8632540842 5,20 -815,0228698643 5,80 -815,1258710033
5,30 -814,8632312277 5,30 -815,0228441181 5,90 -815,125857874
5,40 -814,8632106167 5,40 -815,0228210891 6,00 -815,1258462634
5,50 -814,8631920904 5,50 -815,0228005777 6,10 -815,1258360052
5,60 -814,86317552 5,60 -815,0227823692 6,20 -815,1258269331
5,70 -814,8631607376 5,70 -815,0227662238 6,30 -815,1258189004
137
5,80 -814,8631475736 5,80 -815,022751929 6,40 -815,1258117778
5,90 -814,8631358616 5,90 -815,0227392783 6,50 -815,1258054525
6,00 -814,8631254459 6,00 -815,0227280815 6,60 -815,1257998266
6,10 -814,8631161832 6,10 -815,0227181666 6,70 -815,1257948142
6,20 -814,863107942 6,20 -815,0227093803 6,80 -815,1257903406
6,30 -814,8631006056 6,30 -815,022701586 6,90 -815,1257863412
6,40 -814,863094069 6,40 -815,0226946629 7,00 -815,1257827593
6,50 -814,8630882385 6,50 -815,0226885054 7,10 -815,1257795456
6,60 -814,863083032 6,60 -815,0226830206 7,20 -815,1257766584
6,70 -814,8630783763 6,70 -815,0226781275 7,30 -815,1257740595
6,80 -814,8630742053 6,80 -815,0226737552 7,40 -815,1257717163
6,90 -814,8630704674 6,90 -815,0226698419 7,50 -815,1257696004
7,00 -814,8630671104 7,00 -815,0226663338 7,60 -815,1257676868
7,10 -814,8630640919 7,10 -815,0226631837 7,70 -815,1257659535
7,20 -814,8630613731 7,20 -815,0226603505 7,80 -815,1257643811
7,30 -814,8630589204 7,30 -815,0226577981 7,90 -815,1257629528
7,40 -814,8630567048 7,40 -815,0226554952 8,00 -815,1257616535
7,50 -814,8630547001 7,50 -815,0226534143 8,10 -815,1257604699
7,60 -814,8630528842 7,60 -815,0226515309 8,20 -815,1257593903
7,70 -814,8630512366 7,70 -815,0226498238 8,30 -815,1257584044
7,80 -814,8630497392 7,80 -815,0226482744 8,40 -815,1257575028
7,90 -814,8630483755 7,90 -815,0226468689 8,50 -815,1257566774
8,00 -814,8630471358 8,00 -815,0226455855 8,60 -815,1257559209
8,10 -814,8630460046 8,10 -815,0226444169 8,70 -815,1257552266
8,20 -814,8630449718 8,20 -815,0226433507 8,80 -815,1257545889
8,30 -814,8630440272 8,30 -815,0226423764 8,90 -815,1257540023
8,40 -814,8630431625 8,40 -815,0226414851 9,00 -815,1257534624
8,50 -814,8630423706 8,50 -815,0226406686 9,10 -815,1257529646
8,60 -814,8630416432 8,60 -815,02263992 9,20 -815,1257525057
8,70 -814,8630409752 8,70 -815,0226392327 9,30 -815,1257520819
8,80 -814,8630403609 8,80 -815,0226386012 9,40 -815,1257516901
8,90 -814,8630397955 8,90 -815,0226380201 9,50 -815,1257513277
138
9,00 -814,8630392746 9,00 -815,022637485 9,60 -815,1257509921
9,10 -814,863038794 9,10 -815,0226369917 9,70 -815,1257506811
9,20 -814,8630383504 9,20 -815,0226365365 9,80 -815,1257503926
9,30 -814,8630379404 9,30 -815,0226361161 9,90 -815,1257501249
9,40 -814,8630375612 9,40 -815,0226357273 10,00 -815,125749876
9,50 -814,8630372101 9,50 -815,0226353676 10,10 -815,1257496446
9,60 -814,8630368849 9,60 -815,0226350345 10,20 -815,1257494294
9,70 -814,8630365832 9,70 -815,0226347257 10,30 -815,1257492289
9,80 -814,8630363031 9,80 -815,0226344392 10,40 -815,125749042
9,90 -814,863036043 9,90 -815,0226341732 10,50 -815,1257488677
10,00 -814,8630358012 10,00 -815,0226339259 10,60 -815,1257487051
10,10 -814,8630355761 10,10 -815,022633696 10,70 -815,1257485532
10,20 -814,8630353666 10,20 -815,0226334821 10,80 -815,1257484112
10,30 -814,8630351714 10,30 -815,0226332827 10,90 -815,1257482784
10,40 -814,8630349894 10,40 -815,0226330969 11,00 -815,1257481541
10,50 -814,8630348195 10,50 -815,0226329236 11,10 -815,1257480377
10,60 -814,8630346608 10,60 -815,0226327618 11,20 -815,1257479287
10,70 -814,8630345126 10,70 -815,0226326107 11,30 -815,1257478265
10,80 -814,8630343739 10,80 -815,0226324695 11,40 -815,1257477305
10,90 -814,8630342442 10,90 -815,0226323374 11,50 -815,1257476405
11,00 -814,8630341228 11,00 -815,0226322137 11,60 -815,1257475559
11,10 -814,863034009 11,10 -815,0226320979 11,70 -815,1257474765
11,20 -814,8630339023 11,20 -815,0226319893 11,80 -815,1257474017
11,30 -814,8630338023 11,30 -815,0226318875 11,90 -815,1257473313
11,40 -814,8630337083 11,40 -815,022631792 12,00 -815,1257472651
11,50 -814,8630336201 11,50 -815,0226317023 12,10 -815,1257472027
11,60 -814,8630335372 11,60 -815,0226316181 12,20 -815,125747144
11,70 -814,8630334593 11,70 -815,0226315389 12,30 -815,1257470886
11,80 -814,863033386 11,80 -815,0226314644 12,40 -815,1257470363
11,90 -814,863033317 11,90 -815,0226313944 12,50 -815,125746987
12,00 -814,863033252 12,00 -815,0226313284 12,60 -815,1257469404
12,10 -814,8630331908 12,70 -815,1257468963
139
12,20 -814,863033133 12,80 -815,1257468548
12,30 -814,8630330786 12,90 -815,1257468154







Tabela 5.16: Sistema diatoˆmico Kr-Kr
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
2,00 -5504,2846029782 2,00 -5504,4440702382 2,00 -5504,6195340845
2,10 -5504,3718353946 2,10 -5504,5296392164 2,10 -5504,7044647968
2,20 -5504,4377343483 2,20 -5504,5941305477 2,20 -5504,7684310635
2,30 -5504,4872292363 2,30 -5504,6424714547 2,30 -5504,8163251641
2,40 -5504,5241769414 2,40 -5504,6784995767 2,40 -5504,8519662515
2,50 -5504,5515902556 2,50 -5504,7051933261 2,50 -5504,8783259556
2,60 -5504,5718079519 2,60 -5504,7248512572 2,60 -5504,8977005505
2,70 -5504,5866310077 2,70 -5504,7392368412 2,70 -5504,9118506376
2,80 -5504,5974348569 2,80 -5504,7496945842 2,80 -5504,9221163906
2,90 -5504,6052617708 2,90 -5504,7572430423 2,90 -5504,9295110442
3,00 -5504,6108959866 3,00 -5504,7626490143 3,00 -5504,9347958715
3,10 -5504,614923829 3,10 -5504,7664864317 3,10 -5504,9385394342
3,20 -5504,6177810466 3,20 -5504,769182616 3,20 -5504,9411639815
3,30 -5504,6197897101 3,30 -5504,7710539795 3,30 -5504,9429812902
3,40 -5504,62118666 3,40 -5504,7723336403 3,40 -5504,9442204973
3,50 -5504,6221452029 3,50 -5504,7731923413 3,50 -5504,9450489993
3,60 -5504,6227915872 3,60 -5504,7737543838 3,60 -5504,9455884197
3,70 -5504,6232173728 3,70 -5504,7741096986 3,70 -5504,9459265837
140
3,80 -5504,6234886683 3,80 -5504,7743228187 3,80 -5504,9461264718
3,90 -5504,6236529801 3,90 -5504,7744397277 3,90 -5504,9462329298
4,00 -5504,6237442449 4,00 -5504,7744928618 4,00 -5504,9462775718
4,10 -5504,6237865505 4,01 -5504,7744956124 4,01 -5504,9462795595
4,11 -5504,6237887908 4,02 -5504,7744979762 4,02 -5504,946281157
4,12 -5504,6237907291 4,03 -5504,7744999654 4,03 -5504,9462824089
4,13 -5504,623792379 4,04 -5504,7745016032 4,04 -5504,9462833185
4,14 -5504,6237937529 4,05 -5504,7745029033 4,05 -5504,9462839053
4,15 -5504,623794863 4,06 -5504,7745038826 4,06 -5504,946284185
4,16 -5504,6237957211 4,07 -5504,7745045561 4,07 -5504,9462841736
4,17 -5504,6237963387 4,08 -5504,774504938 4,08 -5504,9462838814
4,18 -5504,6237967268 4,09 -5504,7745050426 4,09 -5504,9462833167
4,19 -5504,6237968958 4,10 -5504,7745048831 4,10 -5504,9462824914
4,20 -5504,6237968564 4,11 -5504,7745044723 4,11 -5504,9462814317
4,21 -5504,623796618 4,12 -5504,7745038229 4,12 -5504,9462801413
4,22 -5504,6237961904 4,13 -5504,7745029469 4,13 -5504,9462786413
4,23 -5504,6237955826 4,14 -5504,7745018553 4,14 -5504,946276947
4,24 -5504,6237948033 4,15 -5504,7745005598 4,15 -5504,9462750504
4,25 -5504,6237938611 4,16 -5504,7744990705 4,16 -5504,9462729572
4,26 -5504,6237927642 4,17 -5504,7744973982 4,17 -5504,9462706977
4,27 -5504,6237915205 4,18 -5504,7744955519 4,18 -5504,9462682406
4,28 -5504,6237901373 4,19 -5504,7744935413 4,19 -5504,9462656873
4,29 -5504,6237886221 4,20 -5504,7744913717 4,20 -5504,9462629802
4,30 -5504,6237869816 4,30 -5504,7744629296 4,30 -5504,9462293428
4,40 -5504,6237650613 4,40 -5504,7744266319 4,40 -5504,9461885362
4,50 -5504,6237366065 4,50 -5504,7743870748 4,50 -5504,9461450645
4,60 -5504,6237052844 4,60 -5504,7743471736 4,60 -5504,9461017796
4,70 -5504,6236734567 4,70 -5504,774308689 4,70 -5504,9460604471
4,80 -5504,6236425999 4,80 -5504,7742726221 4,80 -5504,9460219592
4,90 -5504,6236135536 4,90 -5504,7742394632 4,90 -5504,945986785
5,00 -5504,6235867729 5,00 -5504,7742094044 5,00 -5504,9459550168
5,10 -5504,6235624259 5,10 -5504,7741824092 5,10 -5504,9459266088
141
5,20 -5504,6235405131 5,20 -5504,774158321 5,20 -5504,9459013828
5,30 -5504,623520931 5,30 -5504,774136947 5,30 -5504,9458790666
5,40 -5504,6235035121 5,40 -5504,7741180304 5,40 -5504,9458593519
5,50 -5504,6234880675 5,50 -5504,7741013298 5,50 -5504,9458420194
5,60 -5504,6234743981 5,60 -5504,7740866109 5,60 -5504,9458267636
5,70 -5504,6234623113 5,70 -5504,7740736263 5,70 -5504,9458133575
5,80 -5504,6234516251 5,80 -5504,7740621884 5,80 -5504,945801562
5,90 -5504,6234421731 5,90 -5504,7740521036 5,90 -5504,945791186
6,00 -5504,6234338064 6,00 -5504,7740432045 6,00 -5504,9457820374
6,10 -5504,6234263923 6,10 -5504,7740353501 6,10 -5504,9457739722
6,20 -5504,623419814 6,20 -5504,77402839 6,20 -5504,9457668484
6,30 -5504,623413972 6,30 -5504,7740222311 6,30 -5504,9457605457
6,40 -5504,623408768 6,40 -5504,7740167669 6,40 -5504,9457549609
6,50 -5504,6234041324 6,50 -5504,7740119111 6,50 -5504,9457500027
6,60 -5504,6233999943 6,60 -5504,7740075957 6,60 -5504,9457455929
6,70 -5504,6233962941 6,70 -5504,7740037329 6,70 -5504,9457416723
6,80 -5504,6233929806 6,80 -5504,7740002772 6,80 -5504,9457381573
6,90 -5504,6233900081 6,90 -5504,7739972061 6,90 -5504,9457350211
7,00 -5504,6233873374 7,00 -5504,7739944318 7,00 -5504,9457322116
7,10 -5504,6233849339 7,10 -5504,7739919667 7,10 -5504,9457296898
7,20 -5504,6233827677 7,20 -5504,773989725 7,20 -5504,9457274205
7,30 -5504,6233808129 7,30 -5504,7739877044 7,30 -5504,9457253811
7,40 -5504,6233790454 7,40 -5504,7739858884 7,40 -5504,9457235389
7,50 -5504,6233774454 7,50 -5504,7739842458 7,50 -5504,9457218744
7,60 -5504,6233759947 7,60 -5504,7739827705 7,60 -5504,9457203681
7,70 -5504,6233746777 7,70 -5504,7739814233 7,70 -5504,9457190027
7,80 -5504,6233734795 7,80 -5504,7739801872 7,80 -5504,9457177635
7,90 -5504,6233723903 7,90 -5504,7739790737 7,90 -5504,9457166369
8,00 -5504,6233713976 8,00 -5504,7739780587 8,00 -5504,9457156116
8,10 -5504,6233704921 8,10 -5504,773977142 8,10 -5504,9457146768
8,20 -5504,6233696641 8,20 -5504,7739762881 8,20 -5504,9457138216
8,30 -5504,623368907 8,30 -5504,7739755158 8,30 -5504,9457130446
142
8,40 -5504,6233682134 8,40 -5504,7739748088 8,40 -5504,9457123314
8,50 -5504,6233675775 8,50 -5504,773974161 8,50 -5504,945711678
8,60 -5504,6233669938 8,60 -5504,7739735764 8,60 -5504,9457110789
8,70 -5504,6233664574 8,70 -5504,7739730209 8,70 -5504,9457105288
8,80 -5504,6233659645 8,80 -5504,7739725193 8,80 -5504,9457100234
8,90 -5504,6233655102 8,90 -5504,7739720575 8,90 -5504,9457095584
9,00 -5504,6233650917 9,00 -5504,7739716321 9,00 -5504,9457091299
9,10 -5504,6233647055 9,10 -5504,7739712397 9,10 -5504,945708735
9,20 -5504,6233643489 9,20 -5504,7739708776 9,20 -5504,9457083705
9,30 -5504,6233640194 9,30 -5504,773970543 9,30 -5504,9457080338
9,40 -5504,6233637144 9,40 -5504,7739702336 9,40 -5504,9457077225
9,50 -5504,6233634319 9,50 -5504,7739699471 9,50 -5504,9457074342
9,60 -5504,6233631704 9,60 -5504,7739696817 9,60 -5504,9457071675
9,70 -5504,6233629276 9,70 -5504,7739694357 9,70 -5504,94570692
9,80 -5504,6233627023 9,80 -5504,7739692073 9,80 -5504,9457066906
9,90 -5504,6233624929 9,90 -5504,7739689952 9,90 -5504,9457064773
10,00 -5504,6233622981 10,00 -5504,7739687983 10,00 -5504,9457062794
10,10 -5504,6233621168 10,10 -5504,7739686146 10,10 -5504,945706095
10,20 -5504,6233619484 10,20 -5504,7739684439 10,20 -5504,9457059236
10,30 -5504,623361791 10,30 -5504,7739682848 10,30 -5504,9457057637
10,40 -5504,6233616444 10,40 -5504,7739681365 10,40 -5504,9457056149
10,50 -5504,6233615075 10,50 -5504,7739679981 10,50 -5504,945705476
10,60 -5504,6233613797 10,60 -5504,7739678688 10,60 -5504,9457053462
10,70 -5504,6233612602 10,70 -5504,7739677481 10,70 -5504,9457052249
10,80 -5504,6233611484 10,80 -5504,7739676352 10,80 -5504,9457051117
10,90 -5504,6233610437 10,90 -5504,7739675296 10,90 -5504,9457050056
11,00 -5504,6233609458 11,00 -5504,7739674411 11,00 -5504,9457049066
11,10 -5504,623360854 11,10 -5504,7739673378 11,10 -5504,9457048136
11,20 -5504,623360768 11,20 -5504,7739672514 11,20 -5504,9457047266
11,30 -5504,6233606872 11,30 -5504,7739671699 11,30 -5504,9457046448
11,40 -5504,6233606114 11,40 -5504,7739670935 11,40 -5504,9457045683
11,50 -5504,6233605402 11,50 -5504,7739670217 11,50 -5504,9457044961
143
11,60 -5504,6233604733 11,60 -5504,7739669543 11,60 -5504,9457044288
11,70 -5504,6233604104 11,70 -5504,7739668909 11,70 -5504,9457043651
11,80 -5504,6233603512 11,80 -5504,7739668313 11,80 -5504,9457043054
11,90 -5504,6233602955 11,90 -5504,7739667752 11,90 -5504,945704249
12,00 -5504,623360243 12,00 -5504,7739667223 12,00 -5504,9457041961
Tabela 5.17: Sistema diatoˆmico Kr-Xe
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
2,00 -3080,3944092352 2,00 -3080,5949040907 2,00 -3080,7616208454
2,10 -3080,5115988373 2,10 -3080,7096493081 2,10 -3080,8753350332
2,20 -3080,6012710473 2,20 -3080,7973353992 2,20 -3080,9622014701
2,30 -3080,6697626826 2,30 -3080,8642031765 2,30 -3081,0283999836
2,40 -3080,7219274051 2,40 -3080,9150358465 2,40 -3081,0786747842
2,50 -3080,7615094586 2,50 -3080,9535263236 2,50 -3081,1166944638
2,60 -3080,7914134836 2,60 -3080,9825391789 2,60 -3081,1453087033
2,70 -3080,8138980044 2,70 -3081,0042988087 2,70 -3081,1667323589
2,80 -3080,8307180423 2,80 -3081,0205299755 2,80 -3081,1826828334
2,90 -3080,8432334255 2,90 -3081,0325661657 2,90 -3081,1944869024
3,00 -3080,8524933057 3,00 -3081,0414345257 3,00 -3081,2031651942
3,10 -3080,859303241 3,10 -3081,0479228579 3,10 -3081,209499363
3,20 -3080,8642785886 3,20 -3081,052632573 3,20 -3081,2140851869
3,30 -3080,8678871127 3,30 -3081,0560206774 3,30 -3081,2173746464
3,40 -3080,8704826442 3,40 -3081,058432621 3,40 -3081,2197087417
3,50 -3080,8723315423 3,50 -3081,0601282961 3,50 -3081,2213435894
3,60 -3080,8736333578 3,60 -3081,0613022109 3,60 -3081,2224703316
3,70 -3080,8745368721 3,70 -3081,0620991422 3,70 -3081,2232309224
3,80 -3080,8751524766 3,80 -3081,0626262282 3,80 -3081,2237300634
3,90 -3080,8755616689 3,90 -3081,0629622584 3,90 -3081,2240446008
4,00 -3080,8758242983 4,00 -3081,0631647616 4,00 -3081,2242304555
4,10 -3080,8759840622 4,10 -3081,0632754206 4,10 -3081,224328084
144
4,20 -3080,8760726639 4,20 -3081,0633241954 4,11 -3081,2243341929
4,21 -3080,8760785511 4,21 -3081,0633265571 4,12 -3081,2243397379
4,22 -3080,8760839801 4,22 -3081,0633285267 4,13 -3081,2243447468
4,23 -3080,8760889679 4,23 -3081,0633301301 4,14 -3081,2243492347
4,24 -3080,8760935322 4,24 -3081,0633313822 4,15 -3081,2243532284
4,25 -3080,8760976896 4,25 -3081,0633322965 4,16 -3081,2243567468
4,26 -3080,8761014569 4,26 -3081,0633328971 4,17 -3081,2243598108
4,27 -3080,8761048496 4,27 -3081,0633331884 4,18 -3081,2243624382
4,28 -3080,876107883 4,28 -3081,0633331879 4,19 -3081,2243646492
4,29 -3080,8761105721 4,29 -3081,0633329093 4,20 -3081,2243664609
4,30 -3080,876112931 4,30 -3081,0633323624 4,21 -3081,2243678933
4,31 -3080,8761149736 4,31 -3081,0633315673 4,22 -3081,2243689591
4,32 -3080,876116713 4,32 -3081,0633305298 4,23 -3081,2243696769
4,33 -3080,8761181625 4,33 -3081,0633292628 4,24 -3081,2243700625
4,34 -3080,8761193339 4,34 -3081,0633277783 4,25 -3081,2243701312
4,35 -3080,8761202394 4,35 -3081,063326084 4,26 -3081,224369891
4,36 -3080,8761208907 4,36 -3081,0633241987 4,29 -3081,2243674916
4,37 -3080,8761212987 4,37 -3081,0633221237 4,30 -3081,2243661708
4,38 -3080,8761214745 4,38 -3081,0633198717 4,40 -3081,2243417035
4,39 -3080,8761214285 4,39 -3081,0633174519 4,50 -3081,2243030493
4,40 -3080,8761211716 4,40 -3081,0633148654 4,60 -3081,2242570381
4,50 -3080,8761089127 4,50 -3081,0632820823 4,70 -3081,2242081973
4,60 -3080,8760842085 4,60 -3081,0632410669 4,80 -3081,2241594716
4,70 -3080,8760526046 4,70 -3081,0631965236 4,90 -3081,2241126697
4,80 -3080,8760178433 4,80 -3081,0631515143 5,00 -3081,2240688515
4,90 -3080,8759823855 4,90 -3081,0631079069 5,10 -3081,2240285533
5,00 -3080,8759477951 5,00 -3081,0630668274 5,20 -3081,2239919265
5,10 -3080,8759150347 5,10 -3081,0630288558 5,30 -3081,2239589496
5,20 -3080,875884581 5,20 -3081,0629942261 5,40 -3081,2239294748
5,30 -3080,8758566754 5,30 -3081,0629629359 5,50 -3081,2239032329
5,40 -3080,8758313611 5,40 -3081,062934863 5,60 -3081,2238799681
5,50 -3080,8758085611 5,50 -3081,0629098003 5,70 -3081,2238593653
145
5,60 -3080,8757881306 5,60 -3081,0628875027 5,80 -3081,2238411625
5,70 -3080,8757698883 5,70 -3081,0628677141 5,90 -3081,2238250772
5,80 -3080,8757536385 5,80 -3081,0628501759 6,00 -3081,2238108723
5,90 -3080,8757391844 5,90 -3081,0628346442 6,10 -3081,2237983108
6,00 -3080,8757263358 6,00 -3081,0628208944 6,20 -3081,223787207
6,10 -3080,8757149153 6,10 -3081,0628087167 6,30 -3081,2237773662
6,20 -3080,8757047616 6,20 -3081,062797927 6,40 -3081,2237686498
6,30 -3080,8756957277 6,30 -3081,062788357 6,50 -3081,2237609029
6,40 -3080,8756876827 6,40 -3081,0627798606 6,60 -3081,2237540212
6,50 -3080,875680512 6,50 -3081,0627723072 6,70 -3081,2237478853
6,60 -3080,8756741094 6,60 -3081,0627655826 6,80 -3081,2237424175
6,70 -3080,8756683861 6,70 -3081,0627595877 6,90 -3081,2237375259
6,80 -3080,8756632628 6,80 -3081,0627542286 7,00 -3081,2237331529
6,90 -3080,8756586708 6,90 -3081,062749446 7,10 -3081,2237292276
7,00 -3080,8756545482 7,00 -3081,0627451566 7,20 -3081,2237257071
7,10 -3080,8756508412 7,10 -3081,0627413071 7,30 -3081,2237225359
7,20 -3080,8756475007 7,20 -3081,0627378475 7,40 -3081,2237196835
7,30 -3080,8756444911 7,30 -3081,0627347325 7,50 -3081,223717105
7,40 -3080,8756417729 7,40 -3081,0627319195 7,60 -3081,223714779
7,50 -3080,8756393144 7,50 -3081,0627293832 7,70 -3081,2237126717
7,60 -3080,8756370877 7,60 -3081,0627270838 7,80 -3081,2237107612
7,70 -3080,8756350681 7,70 -3081,0627250064 7,90 -3081,223709025
7,80 -3080,8756332332 7,80 -3081,0627231209 8,00 -3081,2237074499
7,90 -3080,8756315652 7,90 -3081,062721408 8,10 -3081,2237060123
8,00 -3080,8756300463 8,00 -3081,0627198495 8,20 -3081,2237047051
8,10 -3080,8756286612 8,10 -3081,0627184286 8,30 -3081,2237035085
8,20 -3080,8756273946 8,20 -3081,0627171347 8,40 -3081,2237024177
8,30 -3080,8756262393 8,30 -3081,0627159551 8,50 -3081,2237014164
8,40 -3080,8756251819 8,40 -3081,0627148724 8,60 -3081,2237005016
8,50 -3080,8756242132 8,50 -3081,0627138814 8,70 -3081,2236996595
8,60 -3080,8756233246 8,60 -3081,0627129729 8,80 -3081,2236988889
8,70 -3080,8756225086 8,70 -3081,0627121396 8,90 -3081,2236981775
146
8,80 -3080,8756217585 8,80 -3081,0627113737 9,00 -3081,2236975255
8,90 -3080,8756210682 8,90 -3081,0627106694 9,10 -3081,2236969234
9,00 -3080,8756204326 9,00 -3081,0627100209 9,20 -3081,2236963679
9,10 -3080,8756198462 9,10 -3081,0627094231 9,30 -3081,2236958551
9,20 -3080,8756193049 9,20 -3081,062708872 9,40 -3081,2236953812
9,30 -3080,8756188049 9,30 -3081,0627083628 9,50 -3081,2236949415
9,40 -3080,8756183425 9,40 -3081,0627078923 9,60 -3081,223694537
9,50 -3080,8756179145 9,50 -3081,0627074569 9,70 -3081,2236941595
9,60 -3080,875617518 9,60 -3081,0627070534 9,80 -3081,2236938121
9,70 -3080,8756171503 9,70 -3081,0627066803 9,90 -3081,2236934869
9,80 -3080,8756168091 9,80 -3081,0627063336 10,00 -3081,2236931875
9,90 -3080,8756164923 9,90 -3081,062706012 10,10 -3081,2236929064
10,00 -3080,8756161978 10,00 -3081,0627057131 10,20 -3081,2236926476
10,10 -3080,8756159237 10,10 -3081,0627054304 10,30 -3081,2236924039
10,20 -3080,8756156687 10,20 -3081,0627051764 10,40 -3081,2236921794
10,30 -3080,875615431 10,30 -3081,0627049357 10,50 -3081,2236919675
10,40 -3080,8756152094 10,40 -3081,0627047112 10,60 -3081,2236917723
10,50 -3080,8756150027 10,50 -3081,0627045019 10,70 -3081,2236915874
10,60 -3080,8756148096 10,60 -3081,0627043065 10,80 -3081,2236914173
10,70 -3080,8756146293 10,70 -3081,0627041239 10,90 -3081,2236912555
10,80 -3080,8756144606 10,80 -3081,0627039535 11,00 -3081,2236911068
10,90 -3080,8756143028 10,90 -3081,062703794 11,10 -3081,2236909649
11,00 -3080,8756141551 11,00 -3081,0627036398 11,20 -3081,2236908346
11,10 -3080,8756140167 11,10 -3081,0627035048 11,30 -3081,2236907098
11,20 -3080,875613887 11,20 -3081,0627033739 11,40 -3081,2236905954
11,30 -3080,8756137653 11,30 -3081,0627032511 11,50 -3081,2236904854
11,40 -3080,8756136511 11,40 -3081,0627031359 11,60 -3081,2236903846
11,50 -3080,8756135438 11,50 -3081,0627030277 11,70 -3081,2236902874
11,60 -3080,8756134431 11,60 -3081,0627029261 11,80 -3081,2236901985
11,70 -3080,8756133484 11,70 -3081,0627028306 11,90 -3081,2236901124
11,80 -3080,8756132593 11,80 -3081,0627027408 12,00 -3081,2243674916
11,90 -3080,8756131754 11,90 -3081,0627026563 12,10 -3081,2243661708
147
12,00 -3080,8756130964 12,00 -3081,0627025768
Tabela 5.18: Sistema diatoˆmico Kr-Rn
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
3,00 -3040,0977616912 3,00 -3040,3086813717 3,00 -3040,4901953906
3,10 -3040,1058269196 3,10 -3040,3163389654 3,10 -3040,497673169
3,20 -3040,111772261 3,20 -3040,3219466897 3,20 -3040,5031351622
3,30 -3040,1161266914 3,30 -3040,3260217002 3,30 -3040,507092527
3,40 -3040,11929233 3,40 -3040,3289562908 3,40 -3040,5099325001
3,50 -3040,1215738523 3,50 -3040,3310469554 3,50 -3040,5119474014
3,60 -3040,1232013189 3,60 -3040,3325168851 3,60 -3040,5133570065
3,70 -3040,1243477582 3,70 -3040,3335333825 3,70 -3040,5143257757
3,80 -3040,1251427446 3,80 -3040,3342213298 3,80 -3040,5149762112
3,90 -3040,1256828639 3,90 -3040,3346734108 3,90 -3040,515398989
4,00 -3040,1260397486 4,00 -3040,3349580521 4,00 -3040,5156608117
4,10 -3040,1262662339 4,10 -3040,3351254211 4,10 -3040,5158104384
4,20 -3040,1264010614 4,20 -3040,3352120437 4,20 -3040,5158831608
4,30 -3040,1264724486 4,21 -3040,3352173565 4,25 -3040,5158989333
4,31 -3040,126476936 4,22 -3040,3352221476 4,26 -3040,5159007876
4,32 -3040,126481018 4,23 -3040,3352264434 4,27 -3040,51590224
4,33 -3040,126484707 4,24 -3040,335230264 4,28 -3040,5159033145
4,34 -3040,126488019 4,25 -3040,3352336292 4,29 -3040,5159040287
4,35 -3040,1264909693 4,26 -3040,3352365574 4,30 -3040,5159043974
4,36 -3040,1264935724 4,27 -3040,3352390674 4,31 -3040,5159044372
4,37 -3040,1264958425 4,28 -3040,3352411765 4,32 -3040,5159041623
4,38 -3040,1264977933 4,29 -3040,3352429019 4,33 -3040,515903586
4,39 -3040,126499438 4,30 -3040,3352442599 4,34 -3040,5159027215
4,40 -3040,1265007897 4,31 -3040,3352452665 4,35 -3040,5159015844
4,41 -3040,1265018606 4,32 -3040,3352459372 4,36 -3040,5159001794
4,42 -3040,1265026626 4,33 -3040,3352462863 4,40 -3040,5158922198
148
4,43 -3040,1265032072 4,34 -3040,3352463286 4,50 -3040,5158593474
4,44 -3040,1265035057 4,35 -3040,3352460778 4,60 -3040,5158146115
4,45 -3040,1265035687 4,36 -3040,3352455466 4,70 -3040,5157640539
4,46 -3040,1265034069 4,37 -3040,3352447492 4,80 -3040,5157116922
4,47 -3040,1265030302 4,38 -3040,3352436971 4,90 -3040,5156601002
4,48 -3040,1265024484 4,39 -3040,3352424025 5,00 -3040,5156108809
4,49 -3040,1265016706 4,40 -3040,3352408768 5,10 -3040,5155649562
4,50 -3040,126500706 4,50 -3040,3352151716 5,20 -3040,5155227549
4,60 -3040,1264825636 4,60 -3040,3351763958 5,30 -3040,5154844128
4,70 -3040,1264536142 4,70 -3040,3351308529 5,40 -3040,5154498625
4,80 -3040,1264188688 4,80 -3040,335082759 5,50 -3040,5154189243
4,90 -3040,1263816963 4,90 -3040,3350348449 5,60 -3040,5153913387
5,00 -3040,1263443174 5,00 -3040,3349888064 5,70 -3040,5153668243
5,10 -3040,1263081393 5,10 -3040,3349456163 5,80 -3040,5153450734
5,20 -3040,1262739918 5,20 -3040,3349057728 5,90 -3040,5153257947
5,30 -3040,1262423171 5,30 -3040,3348694541 6,00 -3040,5153087595
5,40 -3040,1262132998 5,40 -3040,3348366377 6,10 -3040,5152936466
5,50 -3040,126186952 5,50 -3040,3348071701 6,20 -3040,5152802981
5,60 -3040,1261632046 5,60 -3040,3347808228 6,30 -3040,51526845
5,70 -3040,1261418613 5,70 -3040,3347573465 6,40 -3040,5152579412
5,80 -3040,1261227576 5,80 -3040,3347364732 6,50 -3040,5152486076
5,90 -3040,126105696 5,90 -3040,3347179401 6,60 -3040,5152403075
6,00 -3040,1260904781 6,00 -3040,3347014975 6,70 -3040,5152329173
6,10 -3040,1260769147 6,10 -3040,3346869121 6,80 -3040,5152263245
6,20 -3040,1260648272 6,20 -3040,3346739711 6,90 -3040,5152204339
6,30 -3040,1260540537 6,30 -3040,3346624828 7,00 -3040,5152151603
6,40 -3040,1260444455 6,40 -3040,3346522755 7,10 -3040,5152104379
6,50 -3040,1260358697 6,50 -3040,3346431966 7,20 -3040,5152061943
6,60 -3040,1260282093 6,60 -3040,3346351118 7,30 -3040,5152023802
6,70 -3040,1260213566 6,70 -3040,3346279024 7,40 -3040,5151989447
6,80 -3040,1260152197 6,80 -3040,3346214642 7,50 -3040,5151958453
6,90 -3040,1260097168 6,90 -3040,3346157058 7,60 -3040,5151930447
149
7,00 -3040,1260047756 7,00 -3040,3346105475 7,70 -3040,5151905119
7,10 -3040,1260003298 7,10 -3040,3346059123 7,80 -3040,5151882151
7,20 -3040,1259963295 7,20 -3040,3346017535 7,90 -3040,5151861302
7,30 -3040,1259927223 7,30 -3040,3345980104 8,00 -3040,5151842349
7,40 -3040,1259894646 7,40 -3040,3345946439 8,10 -3040,5151842319
7,50 -3040,1259865185 7,50 -3040,3345915962 8,20 -3040,5151825092
7,60 -3040,1259838506 7,60 -3040,3345888402 8,30 -3040,5151809371
7,70 -3040,1259814306 7,70 -3040,3345863441 8,40 -3040,5151795021
7,80 -3040,1259792338 7,80 -3040,33458408 8,50 -3040,5151781905
7,90 -3040,1259772361 7,90 -3040,3345820233 8,60 -3040,5151769904
8,00 -3040,1259754171 8,00 -3040,3345801526 8,70 -3040,515175891
8,10 -3040,125973758 8,10 -3040,3345784487 8,80 -3040,5151748826
8,20 -3040,1259722445 8,20 -3040,3345768946 9,00 -3040,5151723199
8,30 -3040,1259708588 8,30 -3040,3345754753 9,10 -3040,5151716005
8,40 -3040,1259695935 8,40 -3040,3345741777 9,20 -3040,5151709353
8,50 -3040,1259684342 8,50 -3040,3345729898 10,00 -3040,5151671273
8,60 -3040,125967371 8,60 -3040,3345719009 10,10 -3040,5151667945
8,70 -3040,1259663947 8,70 -3040,3345709018 10,20 -3040,5151664836
8,80 -3040,1259654973 8,80 -3040,3345699842 11,00 -3040,5151646415
8,90 -3040,1259646717 8,90 -3040,3345691402 11,10 -3040,5151644753
9,00 -3040,1259639116 9,00 -3040,3345683634 12,00 -3040,5151633606
9,10 -3040,1259632101 9,10 -3040,3345676474 13,00 -3040,5151626613
9,20 -3040,1259625628 9,20 -3040,3345669871 14,00 -3040,5151622587
9,30 -3040,1259619649 9,30 -3040,3345663774 15,00 -3040,5151620176
9,40 -3040,125961412 9,40 -3040,3345658139 16,00 -3040,5151618678
9,50 -3040,1259609003 9,50 -3040,3345652927 17,00 -3040,5151617719
9,60 -3040,1259604263 9,60 -3040,3345648101
9,70 -3040,1259599868 9,70 -3040,3345643629
9,80 -3040,125959579 9,80 -3040,3345639481
9,90 -3040,1259592003 9,90 -3040,3345635631
10,00 -3040,1259588483 10,00 -3040,3345632054
10,10 -3040,1259585209 10,10 -3040,3345628728
150
10,20 -3040,1259582161 10,20 -3040,3345625634
10,30 -3040,1259579321 10,30 -3040,3345622752
10,40 -3040,1259576674 10,40 -3040,3345620068
10,50 -3040,1259574204 10,50 -3040,3345617563
10,60 -3040,1259571899 10,60 -3040,3345615226
10,70 -3040,1259569744 10,70 -3040,3345613043
10,80 -3040,125956773 10,80 -3040,3345611003
10,90 -3040,1259565846 10,90 -3040,3345609097
11,00 -3040,1259564082 11,00 -3040,3345607311
11,10 -3040,1259562429 11,10 -3040,3345605639
11,20 -3040,125956088 11,20 -3040,3345604073
11,30 -3040,1259559427 11,30 -3040,3345602605
11,40 -3040,1259558064 11,40 -3040,3345601227
11,50 -3040,1259556784 11,50 -3040,3345599934
11,60 -3040,1259555581 11,60 -3040,334559872
11,70 -3040,125955445 11,70 -3040,3345597578
11,80 -3040,1259553386 11,80 -3040,3345596505
11,90 -3040,1259552385 11,90 -3040,3345595495
12,00 -3040,1259551442 12,00 -3040,3345594545
Tabela 5.19: Sistema diatoˆmico Xe-Xe
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
2,00 -656,4377222823 2,00 -656,6813064271 2,00 -656,8403897785
2,10 -656,6012420745 2,10 -656,8413473362 2,10 -656,9987828223
2,20 -656,7261425482 2,20 -656,9634721721 2,20 -657,1196303505
2,30 -656,8219462649 2,30 -657,0569767842 2,30 -657,2121197374
2,40 -656,895568138 2,40 -657,128659507 2,40 -657,2829808967
2,50 -656,9521408783 2,50 -657,1835900536 2,50 -657,3372343345
2,60 -656,9955476965 2,60 -657,2256105331 2,60 -657,3786871949
2,70 -657,0287659254 2,70 -657,2576670186 2,70 -657,4102625116
151
2,80 -657,0540984332 2,80 -657,2820354487 2,80 -657,4342212375
2,90 -657,0733363676 2,90 -657,3004811949 2,90 -657,4523184523
3,00 -657,0878768614 3,00 -657,3143756251 3,00 -657,4659177639
3,10 -657,0988098899 3,10 -657,324783894 3,10 -657,4760780033
3,20 -657,1069841502 3,20 -657,3325320575 3,20 -657,4836195476
3,30 -657,113058263 3,30 -657,3382592924 3,30 -657,4891763638
3,40 -657,1175412446 3,40 -657,3424586527 3,40 -657,4932365821
3,50 -657,1208247449 3,50 -657,3455091022 3,50 -657,496174674
3,60 -657,1232087472 3,60 -657,3477007123 3,60 -657,4982764986
3,70 -657,1249219589 3,70 -657,3492544849 3,70 -657,4997593032
3,80 -657,1261379674 3,80 -657,3503379984 3,80 -657,5007872577
3,90 -657,1269878579 3,90 -657,3510776312 3,90 -657,5014837582
4,00 -657,1275701548 4,00 -657,3515681514 4,00 -657,5019409668
4,10 -657,1279585222 4,10 -657,3518802221 4,10 -657,502227418
4,20 -657,1282077376 4,20 -657,3520660943 4,20 -657,5023935455
4,30 -657,1283582833 4,21 -657,3520793168 4,21 -657,5024050613
4,31 -657,1283691324 4,22 -657,3520917167 4,22 -657,5024157726
4,32 -657,1283793239 4,23 -657,3521032988 4,23 -657,5024257407
4,33 -657,1283888815 4,27 -657,352114107 4,24 -657,5024349644
4,34 -657,128397828 4,28 -657,3521501404 4,25 -657,5024434675
4,35 -657,1284061876 4,29 -657,3521574941 4,26 -657,5024513131
4,36 -657,1284139788 4,30 -657,352164219 4,27 -657,502458492
4,37 -657,1284212244 4,31 -657,3521703635 4,28 -657,5024650411
4,38 -657,1284279445 4,32 -657,3521759384 4,29 -657,5024709849
4,39 -657,1284341591 4,33 -657,3521809633 4,30 -657,5024763449
4,40 -657,1284398875 4,34 -657,3521854548 4,31 -657,5024811512
4,41 -657,128445148 4,35 -657,3521894517 4,32 -657,5024854237
4,42 -657,1284499585 4,36 -657,3521929745 4,33 -657,5024891756
4,43 -657,1284543364 4,37 -657,3521960303 4,34 -657,5024924254
4,44 -657,1284582986 4,38 -657,3521986377 4,35 -657,502495223
4,45 -657,1284618612 4,39 -657,3522008101 4,36 -657,5024975502
4,46 -657,12846504 4,40 -657,3522025905 4,37 -657,5024994338
152
4,47 -657,1284678502 4,41 -657,3522039669 4,38 -657,5025009195
4,48 -657,1284703064 4,42 -657,3522049813 4,39 -657,5025019978
4,49 -657,128472423 4,43 -657,3522056348 4,40 -657,5025026836
4,50 -657,1284742108 4,44 -657,3522059417 4,41 -657,5025030199
4,60 -657,1284769155 4,45 -657,3522059215 4,42 -657,5025029876
4,70 -657,1284592011 4,46 -657,3522055796 4,43 -657,5025026391
4,80 -657,1284289895 4,47 -657,3522049517 4,44 -657,502501957
4,90 -657,1283918031 4,48 -657,3522040265 4,45 -657,5025009712
5,00 -657,1283514237 4,49 -657,3522028349 4,46 -657,5024996828
5,10 -657,1283103777 4,50 -657,352201377 4,47 -657,5024981359
5,20 -657,1282703008 4,60 -657,3521750087 4,48 -657,5024963092
5,30 -657,1282322304 4,70 -657,3521336127 4,49 -657,5024942194
5,40 -657,1281966659 4,80 -657,3520841661 4,50 -657,5024918994
5,50 -657,1281639088 4,90 -657,3520314376 4,60 -657,5024577491
5,60 -657,1281340282 5,00 -657,3519785612 4,70 -657,5024098805
5,70 -657,1281069642 5,10 -657,3519274377 4,80 -657,5023550008
5,80 -657,1280825782 5,20 -657,3518792603 4,90 -657,502297604
5,90 -657,128060687 5,30 -657,351834646 5,00 -657,5022406452
6,00 -657,1280410876 5,40 -657,351793843 5,10 -657,5021859902
6,10 -657,1280235635 5,50 -657,3517568584 5,20 -657,5021347249
6,20 -657,12800792 5,60 -657,351723556 5,30 -657,502087449
6,30 -657,127993957 5,70 -657,3516937081 5,40 -657,502044295
6,40 -657,1279814938 5,80 -657,3516670444 5,50 -657,5020052874
6,50 -657,127970365 5,90 -657,3516432832 5,60 -657,5019702511
6,60 -657,1279604214 6,00 -657,3516221369 5,70 -657,5019389313
6,70 -657,1279515295 6,10 -657,3516033329 5,80 -657,5019110326
6,80 -657,127943574 6,20 -657,3515866196 5,90 -657,5018862348
6,90 -657,1279364374 6,30 -657,351571759 6,00 -657,501864231
7,00 -657,1279300343 6,40 -657,3515585417 6,10 -657,5018447168
7,10 -657,1279242808 6,50 -657,3515467778 6,20 -657,501827413
7,20 -657,1279191038 6,60 -657,3515362974 6,30 -657,5018120652
7,30 -657,1279144393 6,70 -657,3515269491 6,40 -657,5017984394
153
7,40 -657,1279102329 6,80 -657,3515186008 6,50 -657,5017863309
7,50 -657,12790643 6,90 -657,3515111363 6,60 -657,5017755593
7,60 -657,1279029891 7,00 -657,351504451 6,70 -657,5017659634
7,70 -657,1278998583 7,10 -657,3514984565 6,80 -657,5017574028
7,80 -657,1278970329 7,20 -657,3514930715 6,90 -657,5017497533
7,90 -657,1278944657 7,30 -657,3514882275 7,00 -657,5017429104
8,00 -657,127892129 7,40 -657,3514838636 7,10 -657,5017367777
8,10 -657,1278899995 7,50 -657,3514799251 7,20 -657,5017312739
8,20 -657,1278880571 7,60 -657,3514763668 7,30 -657,5017263267
8,30 -657,1278862832 7,70 -657,3514731465 7,40 -657,501721873
8,40 -657,1278846607 7,80 -657,3514702273 7,50 -657,5017178578
8,50 -657,1278831752 7,90 -657,3514675774 7,60 -657,5017142318
8,60 -657,1278818134 8,00 -657,3514651689 7,70 -657,501710954
8,70 -657,1278805639 8,10 -657,3514629763 7,80 -657,5017079852
8,80 -657,1278794142 8,20 -657,3514609785 7,90 -657,5017052933
8,90 -657,1278783588 8,30 -657,3514591542 8,00 -657,5017028489
9,00 -657,1278773868 8,40 -657,3514574884 8,10 -657,5017006257
9,10 -657,1278764916 8,50 -657,3514559593 8,20 -657,5016986024
9,20 -657,127875665 8,60 -657,3514545673 8,30 -657,5016967566
9,30 -657,1278749017 8,70 -657,3514532832 8,40 -657,5016950726
9,40 -657,127874196 8,80 -657,3514521081 8,50 -657,5016935324
9,50 -657,1278735432 8,90 -657,3514510278 8,60 -657,5016921228
9,60 -657,1278729386 9,00 -657,3514500354 8,70 -657,5016908308
9,70 -657,1278723782 9,10 -657,3514491243 8,80 -657,5016896451
9,80 -657,1278718584 9,20 -657,3514482754 8,90 -657,5016885561
9,90 -657,1278713756 9,30 -657,3514474965 9,00 -657,5016875538
10,00 -657,1278709272 9,40 -657,3514467766 9,10 -657,5016866308
10,10 -657,12787051 9,50 -657,3514461109 9,20 -657,5016857808
10,20 -657,1278701219 9,60 -657,3514454949 9,30 -657,5016849957
10,30 -657,1278697604 9,70 -657,3514449242 9,40 -657,5016842708
10,40 -657,1278694233 9,80 -657,3514443945 9,50 -657,5016835997
10,50 -657,127869109 9,90 -657,3514439041 9,60 -657,50168298
154
10,60 -657,1278688156 10,00 -657,3514434476 9,70 -657,5016824053
10,70 -657,1278685415 10,10 -657,3514430244 9,80 -657,5016818719
10,80 -657,1278682853 10,20 -657,3514426303 9,90 -657,5016813784
10,90 -657,1278680456 10,30 -657,3514422626 10,00 -657,5016809194
11,00 -657,1278678214 10,40 -657,3514419209 10,10 -657,5016804928
11,10 -657,1278676113 10,50 -657,3514416023 12,00 -657,5016761228
11,20 -657,1278674145 10,60 -657,3514413056
11,30 -657,1278672298 10,70 -657,351441028
11,40 -657,1278670566 10,80 -657,3514407687
11,50 -657,127866894 10,90 -657,3514405262
11,60 -657,1278667412 11,00 -657,3514402994
11,70 -657,1278665976 11,10 -657,3514400872
11,80 -657,1278664625 11,20 -657,3514398883
11,90 -657,1278663355 11,30 -657,3514397019







Tabela 5.20: Sistema diatoˆmico Xe-Rn
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
3,00 -616,3031567508 3,00 -616,5791677932 3,50 -616,7073668405
3,10 -616,3159180659 3,10 -616,591289218 3,60 -616,709910828
3,20 -616,3255169148 3,20 -616,6003651381 3,70 -616,7117257921
3,30 -616,3326980129 3,30 -616,6071195665 3,80 -616,7130006884
3,40 -616,3380377621 3,40 -616,6121109928 3,90 -616,7138784735
3,50 -616,3419810099 3,50 -616,6157693017 4,00 -616,7144668488
155
3,60 -616,3448699309 3,60 -616,6184245007 4,10 -616,7148464289
3,70 -616,3469668073 3,70 -616,6203291015 4,20 -616,7150772089
3,80 -616,3484719501 3,80 -616,6216755935 4,30 -616,7152033834
3,90 -616,3495376872 3,90 -616,6226100883 4,40 -616,7152574715
4,00 -616,3502793765 4,00 -616,623242956 4,42 -616,7152618266
4,10 -616,3507839546 4,10 -616,6236571314 4,43 -616,7152633321
4,20 -616,3511166001 4,20 -616,6239145895 4,44 -616,7152644173
4,30 -616,3513258987 4,30 -616,6240613257 4,45 -616,7152650981
4,40 -616,3514478406 4,40 -616,6241312278 4,46 -616,7152653886
4,50 -616,3515088969 4,41 -616,6241350172 4,47 -616,7152653079
4,51 -616,3515124473 4,42 -616,6241382962 4,48 -616,7152648719
4,52 -616,3515156036 4,43 -616,6241411095 4,49 -616,7152640935
4,53 -616,3515183805 4,44 -616,6241434674 4,50 -616,7152629894
4,54 -616,3515207927 4,45 -616,6241453875 4,51 -616,7152615731
4,55 -616,3515228546 4,46 -616,6241468889 4,52 -616,7152598601
4,56 -616,3515245802 4,47 -616,6241479887 4,53 -616,7152578646
4,57 -616,3515259828 4,48 -616,6241487038 4,54 -616,7152555956
4,58 -616,3515270761 4,49 -616,6241490499 4,55 -616,7152530739
4,59 -616,3515278725 4,50 -616,6241490431 4,56 -616,7152502994
4,60 -616,3515283841 4,51 -616,6241486991 4,57 -616,7152472914
4,61 -616,3515286232 4,52 -616,6241480315 4,60 -616,7152369756
4,62 -616,3515286011 4,53 -616,6241470545 4,70 -616,7151914871
4,63 -616,3515283287 4,54 -616,6241457833 4,80 -616,7151350485
4,64 -616,3515278171 4,55 -616,624144231 4,90 -616,7150735227
4,65 -616,3515270767 4,56 -616,6241424095 5,00 -616,7150108296
4,66 -616,3515261172 4,57 -616,6241403321 5,10 -616,7149495357
4,67 -616,3515249486 4,58 -616,6241380102 5,20 -616,7148912414
4,68 -616,3515235801 4,59 -616,6241354542 5,30 -616,7148368478
4,69 -616,3515220207 4,60 -616,6241326783 5,40 -616,7147867836
4,70 -616,3515202795 4,70 -616,6240949196 5,50 -616,7147411915
4,80 -616,3514945947 4,80 -616,6240447892 5,60 -616,7146999772
4,90 -616,3514583758 4,90 -616,6239885065 5,70 -616,7146629377
156
5,00 -616,3514165616 5,00 -616,6239302707 5,80 -616,7146298019
5,10 -616,3513725168 5,10 -616,6238728551 5,90 -616,714600241
5,20 -616,3513284824 5,20 -616,6238179239 6,00 -616,7145739353
5,30 -616,3512858967 5,30 -616,6237664887 6,10 -616,7145505443
5,40 -616,3512456312 5,40 -616,6237190398 6,20 -616,714529769
5,50 -616,3512081638 5,50 -616,6236757383 6,30 -616,7145113172
5,60 -616,3511737025 5,60 -616,6236365319 6,40 -616,714494917
5,70 -616,3511422753 5,70 -616,6236012353 6,50 -616,7144803614
5,80 -616,3511138171 5,80 -616,62356959 6,60 -616,714467391
5,90 -616,3510881285 5,90 -616,6235413023 6,70 -616,714455841
6,00 -616,3510650347 6,00 -616,6235160675 6,80 -616,7144455237
6,10 -616,3510443215 6,10 -616,6234935787 6,90 -616,7144363122
6,20 -616,3510257734 6,20 -616,6234735458 7,00 -616,7144280707
6,30 -616,3510091794 6,30 -616,6234557174 7,10 -616,7144206869
6,40 -616,3509943383 6,40 -616,6234398422 7,20 -616,7144140619
6,50 -616,3509810657 6,50 -616,6234257 7,30 -616,7144081079
6,60 -616,3509691906 6,60 -616,6234130919 7,40 -616,7144027494
6,70 -616,3509585617 6,70 -616,6234018416 7,50 -616,7143979207
6,80 -616,3509490395 6,80 -616,6233917914 7,60 -616,7143935622
6,90 -616,3509405003 6,90 -616,6233828132 7,70 -616,7143896223
7,00 -616,350932834 7,00 -616,6233747631 7,80 -616,7143860551
7,10 -616,3509259443 7,10 -616,6233675439 7,90 -616,7143828215
7,20 -616,3509197451 7,20 -616,62336106 8,00 -616,7143798859
7,30 -616,3509141574 7,30 -616,6233552282 8,10 -616,7143772169
7,40 -616,3509091171 7,40 -616,6233499751 8,20 -616,7143747873
7,50 -616,3509045629 7,50 -616,6233452363 8,60 -616,71436701
7,60 -616,3509004415 7,60 -616,6233409547 9,00 -616,7143615316
7,70 -616,3508967056 7,70 -616,6233370807 9,40 -616,7143575997
7,80 -616,3508933184 7,80 -616,6233335704 9,80 -616,7143547308
7,90 -616,3508902411 7,90 -616,6233303849 10,20 -616,714352607
8,00 -616,3508874321 8,00 -616,62332749 10,60 -616,7143510142
8,10 -616,3508848852 8,10 -616,6233248556 11,00 -616,7143498055
157
8,20 -616,350882562 8,20 -616,6233224554 11,40 -616,7143488781
8,30 -616,3508804405 8,30 -616,6233202652 11,80 -616,7143481592
8,40 -616,3508784996 8,40 -616,6233182643 12,20 -616,714347597
8,50 -616,3508767228 8,50 -616,6233164341 12,60 -616,7143471533
8,60 -616,3508750944 8,60 -616,6233147578 13,00 -616,7143468004
8,70 -616,3508735985 8,70 -616,6233132209 13,40 -616,7143465175
8,80 -616,3508722259 8,80 -616,6233118102 13,80 -616,7143462894
8,90 -616,3508709629 8,90 -616,6233105137 14,20 -616,714346104
9,00 -616,3508698007 9,00 -616,623309321 14,60 -616,7143459524
9,10 -616,3508687295 9,10 -616,6233082226
9,20 -616,3508677419 9,20 -616,6233072098
9,30 -616,3508668292 9,30 -616,6233062754
9,40 -616,3508659856 9,40 -616,6233054123
9,50 -616,3508652052 9,50 -616,6233046143
9,60 -616,3508644825 9,60 -616,6233038758
9,70 -616,3508638127 9,70 -616,6233031918
9,80 -616,3508631914 9,80 -616,6233025577
9,90 -616,3508626145 9,90 -616,6233019693
10,00 -616,3508620786 10,00 -616,6233014229
10,10 -616,3508615802 10,10 -616,6233009151
10,20 -616,3508611163 10,20 -616,6233004429
10,30 -616,3508606844 10,30 -616,6233000033
10,40 -616,3508602817 10,40 -616,6232995938
10,50 -616,3508599062 10,50 -616,623299212
10,60 -616,3508595557 10,60 -616,6232988559
10,70 -616,3508592283 10,70 -616,6232985235
10,80 -616,3508589223 10,80 -616,6232982128
10,90 -616,3508586361 10,90 -616,6232979225
11,00 -616,3508583682 11,00 -616,6232976509
11,10 -616,3508581174 11,10 -616,6232958557
11,20 -616,3508578823 11,20 -616,623296009
11,30 -616,3508576619 11,30 -616,6232961718
158
11,40 -616,3508574551 11,40 -616,6232963452
11,50 -616,3508572609 11,50 -616,6232965296
11,60 -616,3508570785 11,60 -616,623296726
11,70 -616,3508569071 11,70 -616,6232969353
11,80 -616,3508567459 11,80 -616,6232971585
11,90 -616,3508565942 11,90 -616,6232973967
12,00 -616,3508564514 12,00 -616,6232957116
Tabela 5.21: Sistema diatoˆmico Rn-Rn
aug−cc−pvtz aug−cc−pvqz aug−cc−pv5z
R(A˚) E(H) R(A˚) E(H) R(A˚) E(H)
3,00 -575,5718254499 3,00 -575,8428684423 3,50 -576,0759220961
3,10 -575,5867201691 3,10 -575,8569679118 3,60 -576,0789778568
3,20 -575,5979807061 3,20 -575,8675744832 3,70 -576,0811783182
3,30 -575,6064530522 3,30 -575,875511631 3,80 -576,0827405056
3,40 -575,6127926989 3,40 -575,8814144681 3,90 -576,0838298415
3,50 -575,617506763 3,50 -575,8857722961 4,00 -576,084571674
3,60 -575,6209866918 3,60 -575,8889615042 4,10 -576,0850606169
3,70 -575,6235338088 3,70 -575,8912709406 4,20 -576,0853675138
3,80 -575,6253793635 3,80 -575,8929216941 4,30 -576,0855451309
3,90 -575,6267002224 3,90 -575,8940824193 4,40 -576,0856323049
4,00 -575,6276311415 4,00 -575,8948812892 4,47 -576,0856550983
4,10 -575,6282743643 4,10 -575,8954152286 4,48 -576,0856563471
4,20 -575,6287070953 4,20 -575,8957572166 4,49 -576,0856571546
4,30 -575,6289873176 4,30 -575,8959618499 4,50 -576,0856575333
4,40 -575,6291583257 4,40 -575,8960697547 4,51 -576,0856575003
4,50 -575,6292522246 4,50 -575,8961108808 4,52 -576,085657068
4,60 -575,62929264 4,51 -575,8961122259 4,53 -576,0856562729
4,61 -575,6292944509 4,52 -575,8961131477 4,54 -576,0856551216
4,62 -575,6292959146 4,53 -575,8961136581 4,60 -576,085641515
4,63 -575,6292970506 4,54 -575,8961137764 4,70 -576,0855992083
159
4,64 -575,6292978694 4,55 -575,8961135209 4,80 -576,0855411812
4,65 -575,6292983838 4,56 -575,8961129054 4,90 -576,0854749037
4,66 -575,6292986071 4,57 -575,8961119491 5,00 -576,0854055553
4,67 -575,6292985511 4,58 -575,8961106638 5,10 -576,0853364501
4,68 -575,6292982274 4,59 -575,8961090595 5,20 -576,0852698229
4,69 -575,6292976471 4,60 -575,8961071534 5,30 -576,0852070044
4,70 -575,6292968216 4,70 -575,8960744499 5,40 -576,0851486876
4,71 -575,6292957614 4,80 -575,8960240948 5,50 -576,0850951795
4,72 -575,6292944766 4,90 -575,8959640809 5,60 -576,0850465278
4,73 -575,6292929771 5,00 -575,8958998912 5,70 -576,0850025753
4,74 -575,6292912724 5,10 -575,8958352261 6,00 -576,0848961216
4,75 -575,629289372 5,20 -575,8957724639 6,50 -576,0847831996
4,76 -575,6292872846 5,30 -575,8957130379 7,00 -576,0847199513
4,77 -575,6292850169 5,40 -575,8956577592 7,50 -576,084683499
4,78 -575,6292825844 5,50 -575,8956069844 8,00 -576,0846617197
4,79 -575,6292799875 5,60 -575,8955607698 8,50 -576,0846482317
4,80 -575,6292772368 5,70 -575,8955190262 9,00 -576,0846395965
4,90 -575,629242797 5,80 -575,8954814414 10,00 -576,0846300529
5,00 -575,6291997945 5,90 -575,8954477464 11,00 -576,0846255103
5,10 -575,6291525969 6,00 -575,8954176123 12,00 -576,0846231783
5,20 -575,6291041716 6,10 -575,8953907087 13,00 -576,0846219089
5,30 -575,6290564886 6,20 -575,8953667116 14,00 -576,0846211799
5,40 -575,629010791 6,30 -575,8953453185 15,00 -576,0846207443
5,50 -575,6289678183 6,40 -575,8953262462 16,00 -576,0846204741
5,60 -575,6289279568 6,50 -575,895309241
5,70 -575,6288913476 6,60 -575,8952940697
5,80 -575,6288579769 6,70 -575,895280525
5,90 -575,6288277708 6,80 -575,8952684208
6,00 -575,6288004631 6,90 -575,8952575994
6,10 -575,6287758841 7,00 -575,8952479016
6,20 -575,6287538072 7,10 -575,8952392043
6,30 -575,6287340057 7,50 -575,8952123361
160
6,40 -575,6287162599 7,59 -575,8951944623
6,50 -575,6287003624 8,30 -575,8951822959
6,60 -575,6286861199 8,70 -575,8951738341
6,70 -575,6286733579 9,10 -575,8951678338
6,80 -575,6286619167 9,50 -575,8951635049
6,90 -575,6286516501 11,00 -575,895155157
7,00 -575,6286424319 12,00 -575,8951528338
7,10 -575,6286341452 13,00 -575,8951515663
7,20 -575,6286266885 14,00 -575,8951508391
7,30 -575,6286199691 15,00 -575,895150404
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Dynamics and spectroscopy f the Ng-CCl4, O2 -CCl4 ,
D2O-CCl4 and ND3 -CCl4 Systems.
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Luiz Guilherme M. de Macedo1 (PQ), and Ricardo Gargano1 (PQ).
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INTRODUCTION  
     The investigation of dispersion events between carbon tetrachloride molecules (CCl4 )
and other atomic and molecular species have been motivated for several reasons1 . In a
short way, it is observed that the interaction between CCl4 and another atom/molecule is
characterized by a van der Waals component, since that the polarizability value of CCl 4 (α
= 10, 5 Å3) is expected to be much more elevated then a one of a heavy atom, for example
(α  =  4,04  Å3 for  xenon).  In  this  work  we  calculated  the  rovibrational  energies  and
spectroscopic constants of carbon tetrachloride with a few atoms and molecules systems
(He -CCl4 , Ne -CCl4 , Ar-CCl4, O2 -CCl4, D2O-CCl4 and ND2 -CCl4).
RESULTS AND DISCUSSION
 Using the Improved Lennard-Jones 
model (ILJ)1, we obtain a energy 
curves for each considered 
complexes,  see figure to the side . The
 spectroscopic  constants calculations
 follows two different approaches, 
as shown on table below. Starting with
DVR methodology, we should first notice that the calculation were not performed for He-
CCl4 system. This is a consequence of the small number of vibrational bound excited states
present on this system. A simple way to outline these difficulties of the DVR methodology
is to apply the Dunham method. Through this procedure, all the spectroscopic constants
can be obtained in an approximation as precise as one wants.
CONCLUSIONS  
     In this work, we presented the rovibrational energies and the spectroscopic constants for
the systems formed between carbon tetrachloride and others atoms and molecules.  Our
calculations  were  based  on  potential  energy  curves  obtained  through  molecular  beam
scattering  experiments.  The  vibrational  energy  level  distribution  followed  the  pattern
qualitatively expected from the nature of each system. By using both the DVR and the
Dunham’s methodology we obtained spectroscopic constant in excellent agreement.
ACKNOWLEDGMENTS
     The authors are grateful for the support given from the  CAPES, CNPQ and IFMA.
1  L.F. Roncaratti, Quntum efects in molecular scattering experements: Characterization of the interaction in
weakly bound complexes. Universita Degli di Perugia, 2009.
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Abstract This investigation generated rovibrational energies
and spectroscopic constants for systems of CCl4 with Ng
(Ng =He, Ne, Ar), O2, D2O and ND3 from scattering experi-
mental data, and the results presented are of interest for mi-
crowave spectroscopy studies of small halogenated mole-
cules. The rovibrational spectra were obtained through two
different approaches (Dunham and DVR)within the improved
Lennard Jones (ILJ) model. Spectra were also generated with-
in ordinary Lennard Jones and deviations suggest that the ILJ
model should be preferred due to interactions beyond disper-
sion forces presented in these systems. Data from the literature
and additional high level quantum mechanical calculations
presented in this work show that these systems should not be
considered as van der Waals complexes due to halogen bond-
ing (HB) interactions, and this is especially true for the CCl4–
D2O and CCl4–ND3 complexes. The charge displacement
from the latter systems are one order of magnitude higher than
the values from literature for CCl4 and He, Ne, Ar and O2
systems, and show significant deviations between DFT and
Hartree-Fock values not previously reported in the literature.
Keywords Halogen bond . Rovibrational spectra . Improved
Lennard-Jones . Ab initio . Charge displacement function
Introduction
Halogen bonding (HB), the attractive interaction between an
electrophilic region on a halogen and a nucleophilic region of
a molecule [1] , is of relevance for a broad number of appli-
cations [2–4], such as crystal engineering [5, 6] , liquid crys-
tals [7, 8] , nanomaterials [9] , polymer chemistry [10] , me-
dicinal chemistry [11] and biochemistry [12, 13] . These are
macromolecular systems where the correct characterization of
intermolecular interactions is essential for formulation of ac-
curate models able to describe their aggregation, dynamic and
static properties [14–18] .
Nevertheless, it is difficult to separate weak intermolecular
interactions from other effects in condensed phases like
solid-state linkages or solvent effects in experiments for better
HB characterization [19, 20] . Therefore, it is common to
investigate HB interactions through rovibrational spectra
[21–24] since gas-phase studies allow measurements that are
analogous to condensed phase systems for separated species,
although these studies frequently give unexpected results, as
in the case of the value of centrifugal distortion constant of
complexes [25] of H2S-ICF3 and H2O-ICF3, or in the case
[23] of CF3Cl and H2O, where the authors could identify only
a symmetric rotor spectrumwhen the predicted structures sug-
gested asymmetric rotors.
In addition to spectroscopic experiments, HB interactions
can be investigated from a theoretical standpoint through good
electronic structure methods able to well characterize electron
correlation, especially dispersion forces, in conjunction with
good quality basis sets in order to obtain reliable results [26,
27] . In this contribution, we focus on interactions and
rovibrational spectra between carbon tetrachloride (CCl4)
and some noble gases (He, Ne, Ar), oxygen molecule (O2),
deuterated water (D2O) and ammonia (ND3). Justification for
the choice of CCl4 with the mentioned systems is fivefold: (1)
This paper belongs to Topical Collection VI Symposium on Electronic
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the CCl4 has high (tetrahedral) symmetry without a permanent
dipole moment, and has been investigated continuously for
more than 80 years with outstanding interest due to a lack of
understanding of its intermolecular structure [28] ; (2) CCl4
can serve as a simple model to understand HB interactions on
more complex systems, like freons [24]; (3) the interaction
between CCl4 and the systems of this study (He, Ne, Ar, O2,
D2O and ND3) is expected to possess a pronounced van der
Waals component due to the CCl4′ high values for polarizabil-
ity and dispersion energy [29, 30] , and also because these
complexes are suitable for scattering and microwave experi-
ments; (4) CCl4 is a common organic solvent used regularly
on organic synthesis, purification, and in processes related to
radioactive materials [31] ; and (5) CCl4, although hydropho-
bic solvent, actually attracts water [32, 33] and should also
attract D2O and ND3, and it presents an additional opportunity
to study the rotational properties without the complicating
effects of hydrogen bonds [34] .
The aim of this contribution was to perform high level
quantum chemical calculations in order to characterize the
HB interaction between CCl4 and D2O/ND3 complexes, and
also to generate the rovibrational spectra for some complexes
—CCl4 with He, Ne, Ar, O2, D2O and ND3—from available
scattering data [35, 36] through the improved Lennard Jones
(ILJ) model [15]. This characterization is also of interest due
to ILJ portability to other (macromolecular) systems [37, 38]
by means of molecular dynamics simulations.
The paper is organized as follows: Methods outlines the
main features of the theoretical methods used regarding the
generation of the potential energy curves and of the
rovibrational spectra. The Results and discussion emphasizes
the results, and the necessity to obtain reliable data using the
ILJ model for the systems investigated in this work, and also
includes a discussion, with a Conclusions section to follow.
Methods
All calculations were performed with the QChem program
[39] , version 4.0.1. The geometry optimizations of the
interacting systems involving the complexes were performed
at DFT level with the augmented correlation consistent polar-
ized valence basis set aug-cc-pVTZ [40] . The functional used
was the LC-VV10 [41]—a functional with semilocal ex-
change with long-range corrected hybrid exchange that per-
forms exceptionally well for all types of weak bonding within
the S66 test set [41], as well for interactions between small
molecules [42, 43] . This functional used two parameters [41]:
C = 0.0089, which was fitted to give accurate asymptotic dis-
persion C6 coefficients; and b = 6.3, which controls the
short-range damping of nonlocal correlation.
In order to investigate the charge transfer (CT) contribution
in the complexes, we carried out geometry optimization on the
vertex configuration. The only variable constrained was the
distance between CCl4 and the noble gases (He, Ne, Ar) or the
small molecules D2O and ND3. Afterwards, the electron den-
sity changes due to interactions between CCl4, D2O and ND3
were investigated by means of the charge displacement (CD)
function, defined as follows:









Δς z; y; z0ð Þdz0 ð1Þ
where Δς is the electron density of the complex minus that of
the isolated fragments [44] .This approach has been used suc-
cessfully in diverse contexts, as, for example, charge fluxes in
weak intermolecular systems [45–47], and to estimate the
constituents of a metal–ligand interactions [48]. On the other
hand, it is necessary to obtain an accurate potential energy
curve (PEC) in order to generate a reliable rovibrational spec-
tra for these systems. The ILJ model [15] gives an accurate
description of the systems investigated on this work [35], so
the PECs were obtained from the following equation:
VILJ ¼ ε mn rð Þ−m
r0
r








In Eq. (2) ε, r0 and m are pair-specific parameters, while r is
the distance between the species. The first term into the brack-
et represents the repulsion contribution, while the second term
represents the effective dispersion attraction. The n(r) expo-
nent is formulated as:




In Eq. (3) the Bhardness^ β modulates the repulsion and con-
trols the strength of the attraction, and can be varied within a
limited range of values. In this work, we usedβ = 9.0 since it is
the value used to fit the procedure on experimental data [35].
The introduction of β permits that the ILJ model can take
into account of induction, CT and atom clustering effects, as
well incorporates the contributions of more collective effects
and corrects most of the ordinary Lennard-Jones’ problems in
the asymptotic region [49] . Another general advantage of the
ILJ model is its portability by allowing the same values of ε
and r0 for different diatomics if the same interaction centers
are considered [37].
In turn, the rovibrational spectroscopic constants were then
evaluated by two different approaches. The first is the
Dunham’s method [50] , which assumes that the potential of
a diatomic molecule can be expanded in terms of Taylor series
as derivatives of V(R) with respect to R and centered at Re,
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In order to the Dunham method be functional, it is necessary
to obtain the coefficients in a power series at ξ ¼ 0⋅
ξ ¼ R−Reð ÞRe
 
in a potential of the form
V ¼ hca0ξ2 1þ a1ξ þ a2ξ2 þ a3ξ3 þ…
	 
 ð5Þ
where a0 ¼ ω2e
.
4Be




Eq. (4) to Eq. (5), one finds that f 2=2 ¼ hca0=R2e This means that
f 2 ¼ 4π2c2μω2e ð6Þ
If one continues the process, then the values of a1, a2,…, a6
can be found as follows:



























The second is the discrete variable representation (DVR)
[51] in which the electronic energies enter the matrix
Schrödinger nuclear equation as potentials that are obtain-
ed from basis functions chosen as the eigenfunctions of a
particle in a box in equally spaced points of the Gaussian
quadrature [52] . The E(υ,J) in the DVR approach, where
υ and J are the vibrational and rotational quantum num-
bers, obey the relation

















J J þ 1ð Þ þ…
ð8Þ
, where Be ¼ h

8π2cIe
is the rotational constant, Ieis the
moment of inertia, and c is the velocity of light. Then,
one can substitute E(υ,J) into the following system of
equations [52] to obtain the rovibrational spectroscopic
constants:
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αe ¼ 18 −12 E1;1−E0;1
	 










Finally, 500 gaussian quadratures for the DVR step were
adopted for all systems.
Results and discussion
Systematic investigation on the benchmark system CCl4–Ar
showed that coupled cluster single and double substitutions
(CCSD), quadratic configuration interaction (QCISD) and
Hartree-Fock with the aug-cc-pvtz basis set have similar re-
sults for charge displacement analysis [47]. Therefore, we
decided to perform the constrained optimization and frequen-
cy calculations in order to obtain the electronic density at
LC-VV10/aug-cc-pvtz level. As pointed out earlier, only the
distance between CCl4 and D2O (ND3) was fixed, and, for all
structures, there was no observed imaginary frequencies.
The CD function shows the charge changes due to interac-
tion between CCl4 and D2O (ND3) in the vertex configuration.
This function gives the net electronic charge that has been
displaced from right (D2O or ND3) to left (CCl4) across a per-
pendicular plane at each point in the axis joining the two
interacting fragments. This CD approach was even applied to
some complexes from this study (CCl4–O2 [47], CCl4–Ar [47],
CCl4–Ne [53, 54] and CCl4–He [53, 54]), and for this reason
only their general results from the literature will be commented.
The results for the CD analysis for CCl4–D2O and CCl4–
ND3 are both shown in Fig. 1. The main panels display the CD
curves at both LC-VV10 and Hartree-Fock levels on the same
horizontal scale, while the insets show the isosurfaces of the
electronic density difference. SinceΔQ is always positive, CT
happens from D2O and ND3 towards CCl4.
Figure 1 also shows that CCl4 boldly polarized the electronic
density of both D2O and ND3 fragments. The charge polariza-
tion is similar for both complexes. The chlorine atoms act as
electrophiles—net charge flows to CCl4—while D2O and ND3
act as electron donors (since the curve is always positive). The
J Mol Model  (2017) 23:87 Page 3 of 9  87 
ΔQ presents a maximum close to the position of chlorine atom
located at the vertex position, and the respective vales for ND3
and D2O obtained at LC-VV10 level are close to 77me and
62me, respectively. These values are one order of magnitude
higher than the values for CCl4–He, CCl4–Ne, CCl4–Ar and
CCl4–O2 from the literature, and can be understood as a man-
ifestation of halogen bonding. In addition, these higher values
are probably responsible for the large deviations between the
CD curves obtained at DFT (LC-VV10) and Hartree-Fock
levels: for systems with lower CT reported in the literature, like
CCl4–Ar and CCl4–O2, the deviations between Hartree-Fock
and correlated results were small and could be treated as similar
for practical purposes. So this seems true only at small CD
values, so caution is needed when one investigates CD at the
HF level, especially when considerable CT occurs, as in halo-
gen bonding of CCl4–D2O and CCl4–ND3.
As pointed out by Capelleti et al. [45], a value for the
CT can be estimated, and the common point of choice has
been where the electron densities become equal (the
isodensity boundary). The laplacian of the electron densi-
ty suggests values of approximately 3.2 Å and 3.1 Å for
ND3 and D2O at the LC-VV10 level. At these points, the
CT values at the LC-VV10 level for ND3 and D2O are
35.8 me and 28.3 me, respectively. Compared to the
Hartree-Fock values of 7.4 me and 13.2 me for ND3 and
D2O, this also reinforces the idea that both electron cor-
relation and dispersion forces should be treated in order to
Fig. 1 Charge displacement (CD) curves for the vertex configuration of
CCl4–ND3 (top) and CCl4–D2O (bottom). Insets 3D isodensity plots of
the electron density charge due to intermolecular interaction. The
isodensities are for Δρ = ± 0.05 me/bohr3. The dots correspond to the
positions of the nuclei on the z-axis, which is the axis joining C–Cl and
N (O) of ND3 (D2O)
Fig. 2 Potential energy curves (PEC) for all systems investigated in this
work
Table 1 Improved Lennard-Jones (ILJ) potential parameters ε, Re, and
reduced mass μ for each system
System ε (meV) Re(Å) μ (a.u.)
He–CCl4 3.65 4.55 7111.247054
Ne–CCl4 7.80 4.51 32,518.194553
Ar–CCl4 20.7 4.60 57,807.912323
O2–CCl4 20.8 4.60 48,284.647592
D2O–CCl4 25.5 4.40 32,301.751007
ND3–CCl4 26.0 4.60 32,332.857708
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obtain reliable results for CT, as well a reliable CD curve.
Moreover, the HF CD curves for both D2O and ND3 show
a minimum between 3 Å and 4 Å close to their isodensity
point, and these minima are absent at the LC-VV10 level.
These minima may be a deviation introduced by
many-electron self interaction error [55], a drawback that
can be minimized through using range-separated ex-
change correlation functionals [56], and by neglecting
electron correlation as well.
The IJL parameters are presented in Table 1. The PECs and
the rovibrational constants can be generated with these values
of ε, Re and reduced mass, and Eqs. (2) and (3). The dissocia-
tion energy trend is CCl4–He < CCl4–Ne <CCl4–Ar ≈CCl4–
O2 <CCl4–D2O<CCl4–ND3 and, except for D2O, it seems al-
most correlated with the α polarizability of the electron donor
species (experimental [35–57] values in parenthesis): CCl4–He
(0.2 Å3) < CCl4–Ne (0.4 Å
3) < CCl4–D2O (1.47 Å
3) < CCl4–Ar
(1.64 Å3) ≈CCl4–O2 (1.60 Å3) < CCl4–ND3 (2.16 Å3). The
higher dissociation value for CCl4–D2O can be understood as
a consequence of an additional attractive force at intermediate
range, the HB, that causes this deepening of the potential well.
In turn, the reduced mass (rounded to three decimals) varies
from 7111.247 a.u. for CCl4–He up to 57807.912 a.u. for
CCl4–Ar. The reduced mass values for CCl4–Ne, CCl4–D2O
and CCl4–ND3 are not far from 32,400 a.u., while the respec-
tive value for CCl4–O2 is close to 48285 a.u.
The PECs of all systems are presented in Fig. 2. They were
generated varying the distances from 7.0 bohr (≈3.70 Å) up to
20 bohr (≈10.58 Å), except for CCl4–D2O, where the distance
was varied from 6.6 bohr (≈3.49Å) up to 19.6 bohr (≈10.37Å).
The rovibrational energies E(υ,J) obtained from ILJ and
ordinary LJ models are presented in Table 2. First, one can
observe that, for all systems, the vibrational energies are
close to rovibrational energies. This is observed because
rotational energies are proportional to the inverse of the
value of the reduced mass—the greater the reduced mass,
the smaller the rotational energy. So, the rotational energies
decrease as one follows the trend CCl4–He < CCl4–
Ne < CCl4–D2O < CCl4–ND3 < CCl4–O2 < CCl4–Ar. As an
example, the ILJ values E(0,0) and E(0,1) values for CCl4–
Ar are 12.5217998 cm−1 and 12.5711855 cm−1, a differ-
ence of 0.0494 cm−1, while the respective values for CCl4–
He are 13.4506061 cm−1 and 13.8120568 cm−1, a differ-
ence of 0.3615 cm−1. Second, the systems have usually
different numbers of E(υ,J): CCl4–He has just two levels
at J = 0 while CCl4–Ar has 14 levels, and this aspect can
also be seen pictorially in Fig. 3.
On important aspect also presented in Table 2 is that
the values obtained for E(υ,J) obtained from ILJ and ordi-
nary LJ models differ, and it is now convenient to make
some considerations. The parameters used to generate the
reliable PECs were obtained from scattering experiments
using the ILJ model, which fits better with the experimen-
tal data [15]. So, due to absence of specific ordinary LJ
parameters, we used the ILJ ones also to generate the LJ
potential. This procedure was used before to infer
Fig. 3 Potential ILJ energy
curves for He–CCl4, Ne–CCl4,
Ar–CCl4, O2–CCl4, D2O–CCl4
and ND3–CCl4 systems and their
vibrational states
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limitations of the LJ model such as the asymptotic dipole–
dipole C6 constant [15], where the ILJ gives values in
agreement within 10% and LJ gives C6 larger by a factor
of two—it is known that LJ is inadequate to describe
long-range interactions.
Although the same values for ε and Re were used,
deviations were observed in the spectra. The deviations
were small, but were higher at intermediate levels, usually
υ = 4 or υ = 5. This may have important consequences
when one choses a potential for molecular dynamics
simulation, since small changes in force field may lead
to different results in molecular simulations, as in the case
of small deviations in LJ potential for water leads to dif-
ferent self-diffusion coefficients [58] . The higher devia-
tions for PECS obtained from ILJ and LJ models occur
between 5 Å and 10 Å, as seen in Fig. 4, it is sensible to
expect deviations in molecular dynamics simutations
when one changes the potential from ILJ to LJ.
The spectroscopic constants obtained through the
Dunham and DVR methods are presented in Table 3.
Table 3 Spectroscopic constants (in cm −1) for each complex obtained through discrete variable representation (DVR) and Dunham methodogies
using the ILJ and LJ (in parentheses)
System Method ωe ωexe ωeγe αe γe
He-CCl4 DVR – – – – –
Dunham 30.96 (29.74) 9.28 (9.61) 0.24 (0.78) 0.04 (0.05) −0.007 (−0.005)
Ne-CCl4 DVR 21.41 (20.53) 2.10 (2.13) 0.03 (0.06) 0.003 (0.003) −0.0002 (−0.0001)
Dunham 21.35 (20.51) 2.04 (2.11) 0.01 (0.05) 0.003 (0.003) −0.0001 (−0.0001)
Ar-CCl4 DVR 25.58 (24.57) 1.10 (1.14) 0.005 (0.01) 0.0008 (0.0009) −2.15E−05 (−1.47E−05)
Dunham 25.57 (24.57) 1.10 (1.14) 0.004 (0.01) 0.0008 (0.0009) −1.81E−05 (−1.35E−05)
O2-CCl4 DVR 28.06 (26.95) 1.32 (1.37) 0.007 (0.019) 0.001 (0.001) −3.11E−05 (−2.11E−05)
Dunham 28.05 (26.95) 1.32 (1.36) 0.005 (0.018) 0.001 (0.001) −2.58E−05 (−1.93E−05)
D2O-CCl4 DVR 39.72 (38.15) 2.17 (2.24) 0.01 (0.03) 0.002 (0.002) −6.99E−05 (−4.67E−05)
Dunham 39.70 (38.14) 2.15 (2.23) 0.01 (0.03) 0.002 (0.002) −5.62E−05 (−4.20E−05)
ND3-CCl4 DVR 38.34 (36.83) 1.98 (2.05) 0.01 (.031) 0.001 (0.001) −5.66E−05 (−3.80E−05)
Dunham 38.33 (36.82) 1.97 (2.04) 0.009 (0.029) 0.001 (0.001) −4.61E−05 (−3.44E−05)
Fig. 4 PECs for each system
obtained through ILJ (blue line)
and LJ (red line) models
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The accordance within both methods at ILJ model sug-
gests that the PECs are reliable. Regarding the results
obtained with LJ, it can be observed that higher devia-
tions occur for anharmonic constant ωeye in accordance
with conclusions taken from Fig. 4 and Table 2.
Conclusions
The CT component plays an effective role in CCl4–ND3 and
CCl4–D2O complexes since they present HB. The higher CD
shown by CCl4–ND3 and CCl4–D2O complexes requires that
the density should be obtained with a good treatment of elec-
tron correlation. In our study, the functional LC-VV10 seems
to be a good choice since it can treat dispersion forces and
electron correlation at both optimization and frequency calcu-
lations at a fraction of cost of a coupled cluster, CASPT2 or
CISDQ calculation.
The rovibrational and spectroscopic spectra constants show
deviations for ILJ and LJ even with constant ε and Re, and this
can be understood as a limitation of LJ potential. Since attrac-
tion is determined by interactions beyond dispersion forces,
such as an HB system, the ILJ model is preferred over ordi-
nary LJ.
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